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(54) LUMBAR SUPPORT FOR SEAT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To easily fix cloth material 
in a properly stretched state as a cloth spring and to 
easily adjust-set a spring rate as a cloth spring. 
SOLUTION: A lumbar support is provided with shaft 
frames 2 and 3 the shaft line of which is curved forward 
nearly like a blow, the frames 2 and 3 are attach and 
fixed respectively to bothe side parts of a seat back 
frame 1 on each upper/lower shaft end side of them, the 
close material is stretched as the cloth spring 4 by 
bridging between the shaft frames. In the case the cloth 
spring 4 is previously bridge-mounted between the 
frames 2 and 3 to attach and fix at least one side 2 of 

the frames 2 and 3 attached and fixed to both end parts of the seat back frame 1 t 
frame 1 by fixing later with screws 7 and 8 at each shaft end. 




<M>H*WMW (J P) (12) & m * & $g (A) OOttffBW&IMM 

#W¥10- 146240 

(43)&§BB ¥$10^(1998) 6 £ 2 B 



(51) IntCl. 6 I^JfB^ F I 

A4 7C 7/40 A47C 7/40 



&&W®< »*^©$C4 FD (£4 M) 



(2i)mM#^ 


#S¥8 -324705 


(7DWBA 


000220066 










(22)tUffiS 


¥$8^(1996)11/! 20B 




*5JMMMr jWT 3 T 1 7 #27^ 






(72) mm 


mm &w 
















118- 1 h«ot*tffi«Hs>^- 














at) tm A 


#s± wr ft* 



(54) [ftKOftft] 3"-WS5>/t— B-tf-h 

(57) 

[ISM] UT^IE&?gl3«f§fC§J§ 

2 , 3 £±T©&ttiSH!T->- h/^-y * 7 U-A 1 
l-ht, ^^4?:(i>'+7h7U-A2, 3©|Hfc 
< t fc K-iJ 2 ^#«g© * i>iti6 7 , 8 fc J: i, If? 




(2) 



10-146240 



\~7 b7U~ A^fjx., ^<D%/^~7 h7U-A£±T© 
#4«fl(iJ-<?S/- h A-y * 7 b-A©ffi»t;:** Wit 
[S£f S 4J/^ i UTfli«!tt*gi5/+ 7 F 7 b 

- A © IS] fcjfM U 5 5 > * F t ^ T , 
±E*V^*fi<>ir 7 h 7 U-L.tDfflttlbmm Lgfi 

7 h 7 b-AcD 9 5, '>ft < £ $>ftMte&mffi<D* 

l r ft § c %«r % t -r § «>- f m =y y> * f . 

©XU <y hT?BSrt*±Tfc^JJ&jaLfc/**Ii*tt*T 

A 3 - F v- + 7 h 7 U- A fc &± 46 @^ L T ft 3 d 
i:fc#»i:f SWsRE 1 g fca 2 {cfB*0»- hffl^y 

B»*£4] ±KfoH*l4, '>+7h7U-A<Dft« 
««*m-r§llfl^g|5^{cWjS?^T7U -y b^I^ft 

[0001] 
[0 0 0 2] 

±T^#l«ffflT->- h/Vy * 7 ^-AOjiffflgPtC** 

[0003] ZtDtt'^ickz^yA— thj?-F 

«->t7f7 b- A^r±T©?««T- S/-M»;J7V 
-A»c*4r}g8@Sg-r3 c. fc(C J; 5^46 F/W *7 

T-M^>-V7 ^7b-AO#»tea*gg#L, 
[0 0 0 4] 1>-#- F Tli^JitiWSrf^t 

[0 0 0 5] 



[0 0 0 6] Sfc, *58WJ«ffi#©Jffigp*SJi£J; < 
38$ nlftgft F ffl -5 >/ F Jgr^gflt-f § C t £ 

[0 0 0 7] 

+ 7 F 7 U-A^±TcD^M4»JT->- h/ W * 7 U- 

— hT\ ±|BflJ^*{±^+7 h7U-AcQP B 1(c^ 
Lgfl L, ->-h^7^7 AWffiffliJgflfcffifl- 

[0 0 0 8] *5g««IS*l2l:«5i/-hffl7y/<- 

[0 0 0 9] *^c0l|^Ji3(cf^§->-hffl7y^- 
A3- FT-§^+ 7 h 7 U-AC»±»H^Tr* £L ^ iC 

[ooio] ^mm<Dm^mA\m^i/-vm^y^~ 

■9-*- MEfe^Ttt, f/^tt'>+7h7l/-AOt» 

»«^Sfb1-§«iS^(cKi;TXU -y h%«^jcia 
»fc h U A3- K-pj/f 7 h 7 U-AOIBKaatLIBH 

[0 0 l l] 

S 4: , 0^<D 5/- h ffl 5 >"^- h (iH 1 Tv^-T «fc 
9icfe^©»$Eti^l a , 1 b^fi^T#*^«5tv^7 

WS5HS$n«SWt7'U-h 1 c, 1 d«r§tattgpi 
a, 1 btClfiStC^-TSi/- h/^y ^77b-A 1 

hti^-h/^y^7U-A 1 ©f^flJjg^cfxD^ttHS^ 
n5^t7h7l/-A2, 3^f§K., flJJffltf 4*flJ/^ 
£LT*>+7F7b-A2, 3 ©^t^SL^IST^ C 
i: ic <t o ffl^AT 5 nr V o 

[00 12] -7+7h7l/-A2, 3 £ LTIi> 

4±d$jeku g/£s s#o«SHas7?iRi*siaja!^iffi 
tmwiiatff s c £ \c ± t> Af*co-iswftftff$fc^^-tJ- 



(3) 



mmW- 1 0- 1 4 6 2 4 0 



*<fc3JBjastrcv5„ 

[0 0 13]f©-7t7l-71/-i2, 3 {i«|±4SSffll|* 
->-h/Vy?7U-A 1 ©ffifflgpi a, 1 bfcH^U 
«Ti»J£ri:tttf 7u- He. id izm&tz, Ctic 
«t D ~>- hA'y^7U-A 1 

5nTI/^5 0 o©>^7h7U-A2, 'M 
< i: tfrflW 2 {CfifljV 4 £M»^ 7 h 7 U-A 2 , 

3 awicm LmLrztfm-emif-vm&ts* e ia 

U§ttg|3 2 a , 2 b *^«4B*JlrispK:ff Lift US^T 3 
ct»c±f)±TtRJt6nT^*. ^o«iJ3(i|Hitit 

fg)£ L T fe J: < , D( V ^ «±TO#?«^- v— F / S y 7 

u- a i mm\z.mm.*% uttm -mem 

[0 0 14] */^*4©*JJW4:UTf4, #tttt*#T 

}f &*©7 U «y h 4 a , 4 b Tffirt%±Tfc#ilJBJ« L 
a, 4bfct ^^-4<O^U-ffi^#(D®gfflagf55->i: 

[0015] 4 »4, Sfflijiffi^ h iJAn- F 

7d tf is >m<D&mmfr 5 l k t ©^ t ^ 5 

CfctfTft*. £fc> §hUA3-K5, 6{iH2©fr 

imitft** 4 ©&ii»ci»i-5 c t tc j: 

[0 0 1 6] *Oh'Ji,3-K5. 6tc{i, E!3©fr{I 
TTjCf £ 3 fc is\ 7 h 7 U-A 2 , 3 ©fi»tW^{fc 
SttiSlgP^fcjSUTX'J 7h5a, 5 b ^I^P&HCgg 
tt5«tdfPfS 0 cn«hUAn-K5, 6«t 
5£$8t)l©lffi£$n<6fe h U A3— K 5, 6 7 h 
7 U-A 2 , 3 <DWmmz.fttt>*kTWtV±.1be>ti%& 
dfC-T§fe©T\ ±MiL/cflJ/^4©XU-y h4 a, 4 

[0 0 17] *©#Sfigap^&v^/^— 

- 7 7 U-A 1 KttDfsfttftVVlflBT, h U An 
-F5, 6^~>+7h7U-A2, 3 ©f|il;ig±^c8K;J- 
±&T^M , ;?-. 4 7 h 7 l^-A 2 , 3 ©^C^dlf 
^tWtSo v'-h^-y7 71^-A lEBlO#tt5 
ftT^fcl^>+7h7U-A2®tai;SttSP2 a, 2 b 
*f-h/<>y*7l/-A ltttffcitfttTV-h 1 c© 
tettfUe, 1 f E-g-^s teD§W-g|$2 a, 2b©ft 
fl £ D * -y U >7"7 * V a -^©fe tt 7 , 8 Dft 



1 e, 1 f EfeCjAfrJ^cTSo 

[00 1 8] ^©feU7, 8^fe^le, 1 f fcSfc 

t LTA* b- h fcHSEf « fctifa C 7 , 8 ©fc 

* V~ h Tv § J: 9 fffi l|t{C«I*4T 5 c t 

[0 0 19] ^tltijDx.T^ ^*4fCfi#|i§7j[fi](C[nl 
^ 5 ^ta*©X U -y h 4 a , 4 b T'ffirt^±TE^|iJ» 

-K5, 6iC(i->+7h7l/-A2, 3©ft»^^$ 
ft-r§W«gp^ttSi;TXU -y h 5 a, 5 b*MJj\tmc 

tu h±f*i: UT(iffit)^iti©S»^fc©{cffi^i 

[0 0 2 0] »ftfBaffiT?tt7>/<— 
tr>'-hM7^7l/-A 1 <Dfr*7s<tt)\ C(Di/-V^ 
•y^7b-A 1 tli^'yi'a y^>y F^^yM-^f- 
b ?»i5^ 6 Sltf § «k 9 h / ^ 7 U- A UCffi 

tEJ;D->-b/^y^^fig{*i:LTffl^iT^n§o 
[0 0 2 1 ] 

[«w<oas] w±©an<, *^©M-?Riinc«§^ 
- hffl7y/^«- h ttttitf, *^**s/+ 7 h 7 
^-ACP^c^&jSMLSflu ->-(-^777U-A 
© WffllJfflS fc ^ ? tl 5 + 7 h 7 A © 3 ^ , 
^ft < t fefrW^#l«©^^ihi6(c «fc««MitT'>- 
h/^y^7U-Afcffi#^@Sf SC4:K<J:t), ffi^^ 

fc, *^*i:LT/^u-h*lsSE-r5©ttei;©fei; 

§ 0 

[0022] ^mEmmmzicfczis-hm^y^- 

«c t^S, ^©IggfflSg^^WgMSMigp^Mtf 

[00 2 3] *%ffi0M$g 3 5/- 

h tfttltf, ^U^©WIS^P8 J ^ «© h U A 
3-KT?ft-> + 7h7b-AK#ih&H5£-r5;fca&, fr 

t ffi D frffr J-@^t 5 t T fe $ /^%«. + 7 h 7 

[0 0 2 4] *»W©H*«4K:««'>-f-ffl5y/^- 



(4) 



¥ffA¥ 1 0- 1 4 6 2 4 0 



3 C £ fc «t rj , ^/^^ MJ An- 7 h7U- 

S*. 

[02] IsIv^A— W-hCft;^-> t 7h7l/- 
AKJtttiti&S h U A3- Kfc^a&HKiBBlTfe*. 

[0 1] 




[03] rn(7>/^-9-^- h©fljV<*{<:fffi*5 h V An 



1 ^-hA-y^7U-A 

2, 3 ->t7h7WA 

4 ft,** 

4 a, 4 b ft;l*07';y h 
5, 6 hUAn-K 

5 a, 5b MJAn-KOX'JyH 
7, 8 fei; 

[0 2] [0 3] 




PATENT ABSTRACTS OF JAPAN 



(1 1 Publication number : 2003-1 82427 

(43)Date of publication of application : 03.07.2003 

(51)Int.CI. B60N 2/42 

A47C 7/40 
B60R 21/02 
D04B 21/14 

//km Mil 



(21 Application number : 2001-3871 1 1 (71)Applicant : DELTA TOOLING CO LTD 
(22)Date of filing : 20.12.2001 (72)Inventor : FUJITA YOSHINORI 

SAKAMOTO YUTAKA 
TAKADA YASUHIDE 



(54) SHOCK ABSORBING STRUCTURE AND SEAT STRUCTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress a rebound of a 
human body when receiving large shock load in accordance 
with a collision, etc. 

SOLUTION: Each of a frame material 20 for a back part and 
a frame material 10 for a seat part is formed by welding or 
caulking. A link member 30 for connecting both of the frame 
materials 20 and 10 is mounted on the frame material 20 for 
the back part and the frame material 1 0 for the seat part by 
welding or caulking. Each of the frame materials 20 and 10 
is provided with a cushion material as a tension structure. 
When receiving more than prescribed shocking vibration 
and shock power, tension of the cushion material provided 
as the tension structure is lowered and a high damping 
characteristic can be exerted. 
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ABSTRACT 



The object of the present invention is to suppress rebound of 
a human body when receiving a large impact load accom- 
panying a collision or the like. A back frame member 20 and 
a seat frame member 10 are individually formed by welding 
or caulking, and a link member 30 for connecting both is 
attached to the back frame member 20 and the seat frame 
member 10 by welding or caulking. Each of the frame 
members is provided with a cushioning member as a tension 
structure. Upon receipt of an impact vibration or an impact 
force at a predetermined magnitude or more, the tension of 
the cushioning member provided as the tension structure 
lowers to be able to exhibit high damping characteristics. 
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IMPACT ABSORBING STRUCTURE AND SEAT 
STRUCTURE 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The present invention relates to an impact absorb- 
ing structure and a seat structure particularly suitable as 
seats for transportation machines such as automobiles, 
trains, airplanes, and so on to which the impact absorbing 
structure is applied. 

[0003] 2. Description of the Related Art 
[0004] Various mechanisms are used as an impact absorb- 
ing structure such as a cushioning material (mat) or the like 
used, for example, when a human body is transported at a 
predetermined acceleration such as at a time of emergency 
escape or at a time of a fall from a height, and as the 
abovementioned seat structure of automobiles and the like, 
in which it is required at all times to enhance an impact 
absorbing function by suppressing more effectively rebound 
of a human body upon receipt of an impact. 

SUMMARY OF THE INVENTION 
[0005] The present invention is made from the above 
viewpoint, and its object is to provide an impact absorbing 
structure capable of exhibiting high damping characteristics 
when receiving an impact vibration or an impact force at a 
predetermined magnitude or more, and a seat structure to 
which the impact absorbing structure is provided. 
[0006] To achieve the object, the present invention of 
claim 1 provides an impact absorbing structure having a 
cushioning member provided as the tension structure with a 
tension field formed by being supported on a frame member, 
wherein upon receipt of an impact vibration or an impact 
force at a predetermined magnitude or more, the frame 
member deforms in a direction to reduce the tension of the 
tension structure. 

[0007] The present invention of claim 2 provides an 
impact absorbing structure having a cushioning member 
provided as a tension structure with a tension field formed by 
being supported on a frame member, wherein at least a part 
of the cushioning member is provided in a state of contract- 
ing in a tangential direction of the cushioning member in a 
normal state, and upon receipt of an impact vibration or an 
impact force at a predetermined magnitude or more, the 
contraction state of the cushioning member is released. 
[0008] The present invention of claim 3 provides an 
impact absorbing structure having a cushioning member 
provided as a tension structure with a tension field formed by 
being supported on a frame member, wherein at least a part 
of the cushioning member is provided in a state of contract- 
ing in a tangent direction of the cushioning member in a 
normal state, and wherein upon receipt of an impact vibra- 
tion or an impact force at a predetermined magnitude or 
more, the contraction state of the cushioning member is 
released, and the frame member deforms in a direction to 
reduce the tension of the tension structure. 
[0009] The present invention of claim 4 provides the 
impact absorbing structure according to any one of claim 1 
to claim 3, wherein the frame members disposed with a 
predetermined distance therebetween with the tension struc- 



ture put up thereon deform in a direction to get closer to each 
other upon receipt of an impact vibration or an impact force 
at a predetermined magnitude or more. 
[0010] The present invention of claim 5 provides the 
impact absorbing structure according to any one of claim 1 
to claim 3, wherein the cushioning member is formed of a 
three-dimensional net member formed by connecting 
together a pair of ground knitted fabrics disposed apart from 
each other using connecting fibers, or a structure with 
urethane comprising a two-dimensional fabric or a two- 
dimensional knitting and a urethane layer layered on the 
two-dimensional fabric or the two-dimensional knitting. 
[0011] The present invention of claim 6 provides a seat 
structure, comprising: a back frame member; a seat frame 
member; and a cushioning member provided as a tension 
structure with a tension field formed by being supported on 
each of the frame members, wherein upon receipt of an 
impact vibration or an impact force at a predetermined 
magnitude or more, at least one of the frame members 
deforms in a direction to reduce the tension of the tension 
structure. 

[0012] The present invention of claim 7 provides a seat 
structure, comprising: a back frame member; a seat frame 
member; and a cushioning member provided as a tension 
structure with a tension field formed by being supported on 
each of the frame members, wherein at least a part of the 
cushioning member is provided in a state of contracting in 
a tangential direction of the cushioning member in a normal 
state, and upon receipt of an impact vibration or an impact 
force at a predetermined magnitude or more, the contraction 
state of the cushioning member is released. 

[0013] The present invention of claim 8 provides a seat 
structure, comprising: a back frame member; a seat frame 
member; and a cushioning member provided as a tension 
structure with a tension field formed by being supported on 
each of the frame members, wherein at least a part of the 
cushioning member is provided in a state of contracting in 
a tangent direction of the cushioning member in a normal 
state, and wherein upon receipt of an impact vibration or an 
impact force at a predetermined magnitude or more, the 
contraction state of the cushioning member is released, and 
the frame member deforms in a direction to reduce the 
tension of the tension structure. 

[0014] The present invention of claim 9 provides the seat 
structure according to any one of claim 6 to claim 8, wherein 
upon receipt of an impact vibration or an impact force at a 
predetermined magnitude or more, a side frame portion 
constituting the back frame member deforms to fall inward 
to reduce the tension of the tension structure. 

[0015] The present invention of claim 10 provides the seat 
structure according to any one of claim 6 to claim 8, wherein 
the back frame member is provided with a bending action 
portion which bends rearward when receiving an impact 
vibration or an impact force at a predetermined magnitude or 

[0016] The present invention of claim 11 provides the seat 
structure according to any one of claim 6 to claim 8, wherein 
the seat frame member has a lifting mechanism that lifts a 
front end side of the seat frame member when receiving an 
impact vibration or an impact force at a predetermined 
magnitude or more. 



-J Classic MmfRl 



US 2003/01 16999 Al 



[0017] The present invention of claim 12 provides the seat 
structure according to any one of claim 6 to claim 8, wherein 
the back frame member for supporting the back cushioning 
member and the seat frame member for supporting the seat- 
cushioning member are individually formed by welding or 
caulking, and wherein a back arm member and a seat arm 
member are attached to the back frame member and the seat 
frame member respectively by welding or caulking to con- 
nect both through a reclining adjuster. 

[0018] The present invention of claim 13 provides the seat 
structure according to claim 12, wherein the reclining 
adjuster is attached to both the back arm member and the 
seat arm member by welding or caulking. 

[0019] The present invention of claim 14 provides the seat 
structure according to any one of claim 6 to claim 8, wherein 
a slide adjuster for moving the seat frame member back and 
forth along a rail member fixed on a support floor surface is 
attached to the seat frame member and/or the seat arm 
member by welding or caulking. 

[0020] The present invention of claim 15 provides the seat 
structure according to any one of claim 6 to claim 8, wherein 
the back frame member is formed in a shape of a frame 
having a lower frame portion disposed to run between lower 
portions of the pair of side frame portions, and a space 
portion above the lower frame portion for permitting the 
back cushioning member to protrude further to the rear than 
the lower frame portion. 

[0021] The present invention of claim 1 6 provides the seat 
structure according to any one of claim 6 to claim 8, wherein 
a spring mechanism for serving functions of complementing 
a stroke of the cushioning members during seating and 
relieving vibration, comprises a torsion bar and a movable 
portion connected to the torsion bar, and the movable portion 
is provided at any position within a range of the cushioning 
members corresponding to the range from the vicinity of the 
waist portion to the vicinity of the haunches. 

[0022] The present invention of claim 17 provides the seat 
structure according to claim 16, wherein the movable por- 
tion is disposed in a width direction under a rear portion of 
the seat cushioning member and forced downward by the 
torsion bar in a normal state, and pulls downward the seat 
cushioning member by the torsion bar when the tension of 
the back cushioning member lowers due to receipt of an 
impact vibration or an impact force at a predetermined 
magnitude or more. 

[0023] The present invention of claim 18 provides the seat 
structure according to claim 16, wherein the movable por- 
tion is disposed in a width direction behind a lower portion 
of the seat cushioning member and forced rearward by the 
torsion bar in a normal state, and pulls rearward the seat 
cushioning member by the torsion bar when the tension of 
the back cushioning member lowers due to receipt of an 
impact vibration or an impact force at a predetermined 
magnitude or more. 

[0024] The present invention of claim 19 provides the seat 
structure according to any one of claim 6 to claim 8, wherein 
the cushioning member is formed of a three-dimensional net 
member formed by connecting together a pair of ground 
knitted fabrics disposed apart from each other using con- 
necting fibers, or a structure with urethane comprising a 
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two-dimensional fabric or a two-dimensional knitting and a 
urethane layer layered on the two-dimensional fabric or the 
two-dimensional knitting. 
[0025] (Operation) 

[0026] According to the invention of claim 1, when a large 
impact load is applied due to an impact vibration or an 
impact force, the cushioning member is displaced in the 
direction to be pushed in. Since the cushioning member is 
provided as a tension structure with a tension field on the 
frame member, the frame member deforms in the direction 
to reduce the tension of the cushioning member, thereby 
reducing the tension of the cushioning member. This damps 
the impact, and the cushioning member becomes no more 
the tension structure to damp the impact. Then, the cush- 
ioning member keeps receiving the impact force to be 
displaced, so that a new tension field is generated in the 
cushioning member to absorb an impact energy, thereby 
making it possible to suppress rebound of the human body 
or the like. 

[0027] According to the invention of claim 2, when a large 
impact load is applied due to an impact vibration or an 
impact force to displace the cushioning member in the 
direction to push it in, the contraction state of the cushioning 
member provided as a tension structure in the state of 
contracting in a tangential direction is released. By releasing 
the contraction state, the tension field formed in a normal 
state is lost so that the tension lowers to an expansion rate 
of 0%. This can suppress rebound of the human body or the 
like in contact with the cushioning member. Then, the 
cushioning member keeps receiving the impact force to be 
displaced, the cushioning member expands to thereby be 
able to absorb impact energy efficiently. 
[0028] According to the invention of claim 3, when a large 
impact load is applied due to an impact vibration or an 
impact force, the operation of releasing the contraction state 
of the abovementioned cushioning member and the defor- 
mation operation of the frame are performed together. This 
makes it possible to relieve the impact more efficiently. 

[0029] According to the invention of claim 4, the frame 
member has a structure to deform in a direction to get closer 
to each other, and thus can reduce the tension of the 
cushioning member efficiently. 

[0030] According to the invention of claim 5, when the 
cushioning member provided as a tension structure is 
formed of a three-dimensional net member, high damping 
characteristics possessed by the three-dimensional net mem- 
ber itself can be utilized in addition. Further, the cushioning 
member as a tension structure with a predetermined tension 
field similar to that of the three-dimensional net member can 
also be formed of a structure with urethane comprising a 
two-dimensional fabric or knitting with a urethane layer. 
[0031] According to the invention of claim 6, the frame 
member deforms accompanying the displacement of the 
cushioning member to perform the operation similar to that 
of the invention of claim 1, thus making it possible to 
suppress rebound of the human body seated in the seat 
structure. 

[0032] According to the invention of claim 7, the contrac- 
tion state of the cushioning member in the tangential direc- 
tion is released to perform the operation similar to that of the 
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invention of claim 2, thus making it possible to suppress 
rebound of the human body seated in the seat structure. 
[0033] According to the invention of claim 8, the opera- 
tion of releasing the contraction state of the cushioning 
member and the deformation operation of the frame perform 
the operation similar to that of the invention of claim 3, 
thereby making it possible to suppress rebound of the human 
body seated in the seat structure. 

[0034] According to the invention of claim 9, a side frame 
portion deforms to fall inward to be able to reduce the 
tension of the cushioning member efficiently. 

[0035] According to the invention of claim 10, since the 
back frame member bends rearward, the portion from the 
haunches to the waist of a human body becomes easy to 
rotate to slide forward, thereby making it possible to dis- 
perse an impact vibration or an impact force acting in the 
normal line direction of the cushioning member efficiently to 
be able to further suppress rebound of the human body. 
[0036] According to the invention of claim 11, since the 
front end side of the seat frame member is lifted, the portion 
from the haunches to the waist becomes easy to rotate to 
slide forward, thereby making it possible to efficiently 
disperse an impact vibration or an impact force acting in the 
normal line direction of the cushioning member to be able to 
further suppress rebound of the human body. 

[0037] According to the invention of claim 12, the back 
frame member and the seat frame member are formed using 
no bolt, and the back frame member and the seat cushioning 
member are connected to the arm members using no bolt. 
Therefore, by setting the section moduli of the frame mem- 
bers different, it becomes easy to set the bending action 
portion for deformation at a desired position such as, for 
example, in the vicinity of the waist of the side frame 
portion, so that the manner of the deformation of the back 
frame member for loosening the tension of the back cush- 
ioning member stabilizes to be able to further suppress 
rebound of the human body. In addition, a bolt fastening step 
and the like become unnecessary when assembling them, 
thus contributing to simplification of assembly steps, reduc- 
tion in manufacturing cost, and reduction in weight. 

[0038] According to the invention of claim 13 or claim 14, 
the reclining adjuster or the slide adjuster is also attached 
using no bolt, thus further facilitating the setting of the 
portion easy to bend and the assembly work. 

[0039] According to the invention of claim 15, when a 
large impact load is applied to the back cushioning member, 
the lower frame portion disposed between the side frame 
portions prevents uneven deformation in the vicinity of the 
lower portion of the back frame member. Further, the back 
cushioning member protrudes rearward from the space por- 
tion above the lower frame portion in a manner to slide on 
the lower frame portion, thereby enabling damping charac- 
teristics by the back cushioning member to function stably. 
[0040] According to the invention of claim 16 to claim 18, 
the torsion bar and/or the movable portion connected to the 
torsion bar are/is disposed in the width direction at any 
position within a range of the cushioning members corre- 
sponding to the range from the vicinity of the waist to the 
vicinity of the haunches, that is, under the seat back portion 
or behind the seat cushion portion. Therefore, when a large 
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impact vibration or impact force is applied, if the torsion bar 
for forcing the seat downward is provided, the tension of the 
cushioning member lowers to pull the seat cushioning 
member downward, so that the haunches sink to generate a 
rotation force for relatively raising the knees, thereby 
enabling suppression of forward rebound. 
[0041] On the other hand, if the torsion bar for forcing the 
back cushioning member rearward is provided, when a large 
impact vibration or impact force is applied, the tension of the 
cushioning member lowers to pull the back cushioning 
member rearward, thereby enabling suppression of forward 
rebound. 

[0042] Further, in either case, the restoring force of the 
torsion bar disposed in the width direction can suppress 
uneven deformation of the lower portion of the back frame 
member. This stabilizes the manner of deformation of the 
back frame member, so that damping characteristics of the 
back cushioning member can be utilized effectively to 
provide a high degree of effectiveness to suppress rebound 
of the human body. 

[0043] According to the invention of claim 19, when the 
cushioning member provided as a tension structure is 
formed of a three-dimensional net member, high damping 
characteristics possessed by the three-dimensional net mem- 
ber itself can be utilized in addition. Further, the cushioning 
member as a tension structure with a predetermined tension 
field similar to that of the three-dimensional net member can 
also be formed of a structure with urethane comprising a 
two-dimensional fabric or knitting with a urethane layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIG. 1 is a perspective view for explaining the 
basic configuration of a seat structure according to a first 
embodiment of the present invention; 

[0045] FIG. 2 is a view for explaining the essential portion 
of a seat structure according to a second embodiment of the 
present invention; 

[0046] FIG. 3 is a view for explaining the essential portion 
of a seat structure according to a third embodiment of the 
present invention; 

[0047] FIG. 4 is a view for explaining the essential portion 
of a seat structure according to a fourth embodiment of the 
present invention; 

[0048] FIG. 5 is a perspective view of the seat structure 
for explaining an example of a lifting mechanism; 

[0049] FIG. 6 is a perspective view of the seat structure 
for explaining an action of the lifting mechanism relating to 
the above example when receiving an intermediate impact 
(35 km/h); 

[0050] FIG. 7 is a perspective view of the seat structure 
for explaining an action of the lifting mechanism relating to 
the above example when receiving a large impact (60 km/h); 

[0051] FIGS. 8A to 8C are views for explaining an action 
of the lifting mechanism, and FIG. 8A is a cross-sectional 
view taken along a line A-A in FIG. 5, FIG. 8B is a 
cross -sectional view taken along a line A-A in FIG. 6, and 
FIG. 8C is a cross-sectional view taken along a line A-A in 
FIG. 7; 
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[0052] FIGS. 9A to 9C are views for explaining another 
example of the lifting mechanism, FIG. 9A is a view 
showing a state thereof during normal use, FIG. 9B is a view 
showing a state thereof when receiving an intermediate 
impact, and FIG. 9C is a view showing a state thereof when 
receiving a large impact; 

[0053] FIG. 10A is a perspective view of a seat structure 
for explaining still another example of the lifting mecha- 
nism, FIG. 10B is a cross-sectional view taken along a line 
B-B in FIG. 10C, and FIG. IOC is a view in a direction of 
an arrow A in FIG. 10A; 

[0054] FIG. U is a perspective view of the seat structure 
for explaining an action of the lifting mechanism relating to 
the above example when receiving an intermediate impact 
(35 kra/h); 

[0055] FIG. 12 is a perspective view of the seat structure 
for explaining an action of the lifting mechanism relating to 
the above example when receiving a large impact (60 km/h); 

[0056] FIG. 13A is a perspective view of a seat structure 
for explaining yet another example of the lifting mechanism, 
and FIG. 13B is a cross-sectional view taken along a line 
A-A in FIG. 13A; 

[0057] FIG. 14A is a perspective view of a seat structure 
for explaining further another example of the lifting mecha- 
nism, and FIG. 14B is a cross-sectional view taken along a 
line A-A in FIG. 14A; 

[0058] FIG. 15 is a cross-sectional view showing the 
configuration of an example of a three-dimensional net 
member usable in the above-described embodiments; 

[0059] FIG. 16 is a view showing an example of one 
ground knitted fabric; 

[0060] FIG. 17 is a view showing an example of the other 
ground knitted fabric; 

[0061] FIGS. 18A to 18E are views showing various 
manners of arrangement of connecting fibers; 

[0062] FIGS. 19A and 19B are diagrams showing results 
of a rear-end collision test conducted on the seat structure of 
the first embodiment in which the three-dimensional net 
members are put up on the frame members shown in FIG. 
1, and FIG. 19A is a diagram showing an acceleration at a 
breast portion, and FIG. 19B is a diagram showing an 
acceleration at a waist portion; and 

[0063] FIGS. 20A to 20F are views showing appearances 
of the characteristic behavior of a seated dummy doll in the 
rear-end collision test with respect to time. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0064] Hereinafter, the present invention will be described 
in more detail based on embodiments shown in the draw- 
ings. First, referring to FIG. 15 to FIGS. 18A to 18E, the 
structure of a three-dimensional net member is explained 
which is used as a seat cushioning member put up and 
supported on a seat frame member 10 and a back cushioning 
member put up and supported on a back frame member 20 
in a seat structure 1 according to embodiments of the present 
invention which will be described later. 



[0065] The three-dimensional net member is formed by 
connecting a pair of ground knitted fabrics disposed apart 
from each other using connecting fibers. Specifically, as 
shown in FIG. 15, a three-dimensional net member 100 is 
constituted of a solid, three-dimensional structure having a 
pair of ground knitted fabrics 110 and 120 disposed apart 
from each other and many connecting fibers 130 connecting 
between the pair of ground knitted fabrics 110 and 120. 

[0066] One ground knitted fabric 110 is formed in a flat 
knitted fabric structure (small mesh) continuing in both a 
wale direction and a course direction with yarns made of 
twisted monofilaments as shown, for example, in FIG. 16. 
On the other hand, the other ground knitted fabric 120 is 
formed in a structure of stitches larger than those of the one 
ground knitted fabric 110 and having a honey comb-like 
(hexagon) mesh with yams made of twisted monofilaments 
as shown, for example, in FIG. 17. Needless to say, these 
knitted fabric structures are only examples, and it is also 
possible to adopt knitted fabric structures other than the 
small mesh structure and the honey come-like structure. The 
connecting fibers 130 are knitted between the pair of ground 
knitted fabrics 110 and 120 to keep a predetermined distance 
between the one ground knitted fabric 110 and the other 
ground knitted fabric 120, so that a predetermined stiffness 
is given to the three-dimensional net member 100 being a 
solid mesh knitting. 

[0067] The selected ground fiber forming the ground knit- 
ted fabrics 110 and 120 has a thickness or the like in a range 
capable of providing a required firmness to a solid knitted 
fabric and giving rise to no difficulty in a knitting work. As 
the ground fiber, a monofilament can be used, but it is 
preferable to use a multifilament or a spun yarn from the 
point of view of feeling, softness in surface touch, and so on. 

[0068] As the connecting fiber 130, it is preferable to use 
a monofilament, and one having a thickness in a range of 167 
to 1100 decitex is suitable. This is because a multifilament 
cannot give a cushioning property having a favorable restor- 
ing force, a monofilament having a thickness smaller than 
167 decitex hardly provides firmness, and a monofilament 
having a thickness exceeding 1100 decitex is too hard to 
provide a suitable elasticity. In other words, adoption of the 
monofilament within the aforementioned range as the con- 
necting fiber 130 makes it possible to support the load of a 
seated person by deformation of stitches constituting the 
ground knitted fabrics 110 and 120 and deformation (falling 
down and buckling) of the connecting fibers 130, and by a 
restoring force of adjacent connecting fibers 130 giving 
spring characteristics to the deformed connecting fibers 130, 
thus providing a soft structure having soft spring character- 
istics without occurrence of stress concentration. In addition, 
the connecting fibers 130 rub together to cause high damp- 
ing characteristics to function. 

[0069] The material of the ground fiber or the connecting 
fiber 130 is not particularly limited, and usable materials are, 
for example, synthetic fibers or regenerated fibers such as 
polypropylene, polyester, polyamide, polyacrylonitrile, 
rayon, and so on, and natural fibers such as wool, silk, 
cotton, and so on. The abovementioned fibers may be used 
by itself and in any combination. It is preferable to use 
thermoplastic polyester fibers such as polyethylene tereph- 
thalate (PET) and polybutylene terephthalate (PBT), polya- 
mide fibers such as nylon 6 and nylon 66, polyolefine fibers 
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such as polyethylene and polypropylene, and a combination 
of two or more kinds of these fibers. Note that the polyester 
fibers are suitable because of their excellent recyclablility. 
Besides, the fiber shape of the ground fiber or the connecting 
fiber 130 is not limited, and a round cross-section fiber, a 
modified cross-section fiber, or the like can be used. 
[0070] The arrangement manners of the connecting fibers 
130 (pile structures), when expressing the states of the 
connecting fibers 130 connecting the ground knitted fabrics 
110 and 120 seen from the side, are more specifically 
classified into, for example, the types shown in FIGS. ISA 
to 18E. FIGS. 18A and 18B show straight types in which 
the connecting fibers 130 are almost vertically knitted 
between the ground knitted fabrics 110 and 120, and out of 
them, FIG. 18A shows the one knitted almost straight in the 
shape of the FIG. 8, and FIG. 18B shows the one knitted 
simply straight. FIGS. 18C to 18E show cross types in 
which the connecting fibers 130 are knitted to cross each 
other on the way between the ground knitted fabrics 110 and 
120, and out of them, FIG. 18C shows the one knitted in a 
cross in the shape of the letter 8, FIG. 18D shows the one 
knitted in a simple cross, and FIG. 18E shows the one 
knitted two yams together in a cross (double cross). It should 
be noted that the connecting fibers 130 when disposed 
slantwise in a cross with each other as shown in FIGS. 18C 
to 18E can give soft spring characteristics having a large 
compressibility while keeping a sufficient restoring force 
due to a buckling strength of the respective connecting fibers 
130 as compared to the pattern in which the connecting 
fibers 130 are almost vertically disposed between the ground 
knitted fabrics 110 and 120 (see FIGS. 18A and 18B). 
[0071] Next, referring to FIG. 1, the seat structure 1 
according to a first embodiment of the present invention is 
explained. FIG. 1 shows the basic structure of the first 
embodiment. As shown in this drawing, the seat structure 1 
comprises the seat frame member 10 for seat cushion, the 
back frame member 20 for seat back, seat arm members 31, 
back arm members 32, reclining adjusters 40, and slide 
adjusters 50. 

[0072] The seat frame member 10 is designed to support 
the aforementioned three-dimensional net member for use as 
the seat cushioning member, and is formed in the shape of 
almost square frame of two side frame portions 11, a front 
frame portion 12, and a rear frame portion 13. Besides, the 
back frame member 20 is designed to support the aforemen- 
tioned three-dimensional net member for use as the back 
cushioning member, and is formed in the shape of almost 
square frame of two side frame portions 21, a lower frame 
portion 22, and an upper frame portion 23. In addition, in 
this embodiment, these back frame member 20 and seat 
frame member 10 are individually formed by welding or 
caulking. Further, the side frame portions 21, 21 of the back 
frame member 20 are provided with shaping frame portions 
21a, 21a for putting up the three-dimensional net member 
forming the back cushioning member in the shape for easily 
holding a human body. The shaping frame portions 21a, 21a 
are attached to the side frame portions also by welding or 
caulking. Note that, in this Description, the "side frame 
portions" which support or put up the back cushioning 
member thereon has the meaning of also including the 
shaping frame portions if provided. 

[0073] Further, the seat arm members 31 are connected to 
a rear portion of the seat frame member 10, and the back arm 



members 32 are connected to a lower portion of the back 
frame member 20. The seat arm members 31 and the back 
arm members 32 are pivotably connected to each other 
through the reclining adjusters 40, thereby enabling the back 
frame member 20 to be reclined back and forth with respect 
to the seal frame member 10. 

[0074] Further, in this embodiment, the seat frame mem- 
bers 10 and the seat arm members 31 are connected to each 
other by welding or caulking, and the back frame member 20 
and the back arm members 32 are connected to each other 
also by welding or caulking. In addition, the reclining 
adjusters 40 are also attached to both the seat arm members 
31 and the back arm members 32 by welding or caulking. 

[0075] Further, in this embodiment, the slide adjusters 50 
are provided which move back and forth the seat frame 
member 10 along a right-and-left pair of rail members 51 
which are fixed on a support floor surface. The slide adjust- 
ers 50 are also attached to the seat frame member 10 by 
welding or caulking. 

[0076] The three-dimensional net member is put up on the 
above-described frames constituting the seat frame member 
10 and the back frame member 20, resulting in a tension 
structure with a tension field in a predetermined shape for 
use as the seat cushioning member and the back cushioning 
member. It should be noted that the three-dimensional net 
member provided as the tension structure as above is pref- 
erably put up on the seat frame member and the back frame 
member at an expansion rate of 30% or lower. 

[0077] As described above, in this embodiment, the back 
frame member 20 and the seat frame member 10 are 
individually formed by welding or caulking, and the arm 
members 31 and 32 connecting the back frame member 20 
and the seat frame member 10 are individually attached 
thereto by welding or caulking. Therefore, this embodiment 
provides a structure in which the back frame member 20 and 
the seat frame member 10 are formed using no bolt, and the 
back frame member 20 and the seat frame member 10 are 
connected to the arm members 31 and 32 using no bolt. 

[0078] This eliminates a bolt fastening step and the like 
when assembling them. More than that, use of no bolt makes 
it possible that when a large impact load is applied on the 
back cushioning member, the back frame member 20 
deforms in a more stable manner without deformation 
unevenly occurring at a bolt connecting portion, so that the 
tension of the back cushioning member, which is the tension 
structure with a tension field constituted of the three-dimen- 
sional net member, lowers to allow damping characteristics 
of the three-dimensional net member to function more 
reliably to be able to suppress rebound of a human body. 

[0079] Further, the lower frame portion 22 is disposed as 
described above between lower portions of the pair of side 
frame portions 21, 21 forming the back frame member 20. 
As a result, when receiving a large impact load such as an 
impact vibration or an impact force at a predetermined 
magnitude or more, the back cushioning member constitut- 
ing the tension structure deforms to be pushed out rearward 
to cause the side frame portions 21, 21 to fall inward, while 
it is possible to prevent only the lower portions of the side 
frame portions 21, 21 from unevenly deforming and to allow 
the damping characteristics owing to the lowering of the 
tension of the back cushioning member to function more 
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reliably. Further, a space portion 25 surrounded by the upper 
frame portion 23 and the side frame portions 21, 21 is 
formed above the lower frame portion 22 to permit rearward 
protruding displacement or deformation of the back cush- 
ioning member when receiving the aforementioned large 
impact load. 

[0080] In summary, according to this embodiment, when 
the application of a large impact in the back-and-forth 
direction causes the back of a seated person to relatively 
move rearward, an almost middle portion of the back 
cushioning member constituted of the three-dimensional net 
member is pushed to the rear of the seat back in a manner 
of sliding on the lower frame portion 22 by a large load at 
that time, followed by the back frame member 20 scattering 
and receiving the load inputted to the back cushioning 
member, and the side frame portions 21, 21 (and the shaping 
frame portions 21a, 21a) fall inward while uneven defor- 
mation is prevented by the lower frame portion 22 as 
described. As a result, a distance (space portion 25) between 
the oppositely disposed side frame portions 21, 21 (and the 
shaping frame portions 21a, 21a) is narrowed to loose at 
once the three-dimensional net member (back cushioning 
member) which is put up at a predetermined tension between 
the side frame portions 21, 21 (and the shaping frame 
portions 21a, 21a). When the tension of the three-dimen- 
sional net member (back cushioning member) is loosened, 
this three-dimensional net member (back cushioning mem- 
ber) becomes no longer the tension structure, and receives 
the impact generating new displacement. Therefore, the 
three-dimensional net member receives the impact force for 
a long time and thus can efficiently absorb its impact energy. 
In this event, the high damping characteristics possessed by 
the three-dimensional net member itself also function, thus 
forming a critical damping system at a damping ratio of 1 or 
more or an over damping system. This reduces rebound of 
the human body due to a reaction force. 

[0081] Further, in this embodiment, the reclining adjusters 
40 are individually attached to the arm members 31 and 32 
by welding or caulking, and the slide adjusters 50 are 
attached to the seat frame member 10 by welding or caulk- 
ing. In short, the reclining adjusters 40 or the slide adjusters 
50 are also attached using bolt. This provides a structure 
capable of further facilitating the assembly work. 

[0082] It should be noted that although the seat cushioning 
member (not shown) supported on the seat frame member 10 
and the back cushioning member (not shown) supported on 
the back frame member 20 can be separately formed and 
individually attached, it is preferable to integrate separately 
formed cushioning members by sewing or use integrally 
knitted cushioning members. This facilitates the work of 
attaching the cushioning members to the frames 10 and 20. 
In addition, a pulling portion, which pulls rearward the 
vicinity of a boundary between the seat cushioning member 
and the back cushioning member, is provided and engaged 
with an auxiliary frame member 71 provided below the back 
frame member 20, thereby making it possible to enhance the 
stability of a portion from the vicinity of the waist portion to 
the vicinity of the haunches of a human body during seating. 
This point applies to later-described embodiments, but, in 
the later-described embodiments, the pulling portion of the 
cushioning members is connected to a movable portion of a 



[0083] Besides, it is preferable to provide bending action 
portions for easiness of a rearward bend upon receipt of an 
impact vibration or an impact force at a predetermined 
magnitude or more on the side frame portions 21 (including 
the shaping frame portions 21a) constituting the back frame 
member 20. While the bending action portions may be set at 
arbitrary positions, for example, portions along an A line 
shown by an imaginary line in FIG. 1 can be made the 
bending action portions. While the bending action portions 
may be provided in an arbitrary manner, the bending action 
portions can be made to easily bend by setting their section 
modulus different from that of the other portion. In particu- 
lar, in the case of a boltless structure as in this embodiment, 
deformation is suppressed unevenly from the portion corre- 
sponding to a bolt connecting portion, so that the bending 
action portions are easily set at desired positions such as in 
the vicinity of the waist. This causes a rotation force to act 
for the portion from the haunches to the waist to easily slide 
forward, thereby making it possible to further suppress 
rebound of the human body. 

[0084] Besides, it is also applicable to make portions 
along imaginary lines B in FIG. 1 the bending action 
portions by setting their section modulus different from that 
of the other portion. In this case, since a front end side of the 
seat frame member 10 is moved up or lifted, the haunches 
sink, thereby causing a rotation force of relatively raising the 
knees to act to be able to enhance the effect of suppressing 
rebound of the human body. It is naturally possible to form 
the bending action portions along both the A line and the B 
lines shown in FIG. 1. Note that it is also possible to provide 
a lifting mechanism for allowing the front end side of the 
seat frame member to be easily moved up or lifted, and the 
lifting mechanism will be described later. 
[0085] Next, referring to FIG. 2, a seat structure 1 accord- 
ing to a second embodiment of the present invention will be 
explained. FIG. 2 shows the basic structure of the second 
embodiment. As shown in this drawing, in the seat structure 
of this embodiment, a spring mechanism 60 is provided 
which serves functions of elastically supporting the above- 
described three-dimensional net member, complementing a 
stroke of cushioning members during seating, and relieving 
an excitation force being an input. 

[0086] The spring mechanism 60 comprises a torsion bar 
61 and a link portion 62, and the link portion 62 is composed 
of a movable portion 63 constituting of a rod member, and 
a pair of arm portions 64. The movable portion 63 connected 
to the torsion bar 61 is provided in the width direction of a 
seat frame member 10, and the torsion bar 61 connected to 
the movable portion 63 is disposed in the width direction and 
supported by arm members 31 which are -positioned behind 
the movable portion 63 and connected to the seat frame 
member 10. 

[0087] In addition, a rearward pulling portion 70, provided 
in the vicinity of a boundary between a seat cushioning 
member and a back cushioning member, is connected to the 
movable portion 63 to be given a spring property of the 
torsion bar 61. 

[0088] It should be noted that, also in this embodiment, a 
back frame member 20 and the seat frame member 10 are 
individually formed by welding or caulking, the arm mem- 
bers 31 and32 are attached to the back frame member 20 and 
the seat frame member 10 by welding or caulking, and 
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reclining adjusters 40 are individually attached to the arm 
members 31 and 32 by welding or caulking. In addition, 
slide adjusters 50 are also attached to the seat frame member 
10 by welding or caulking. 

[0089] In this embodiment, the movable portion 63 con- 
nected to the torsion bar 61 can support the cushioning 
members constituted of the three-dimensional net members. 
As a result, it is only required to perform all the assembly 
work of the back frame member 20, the seat frame member 
10, the torsion bar 61, and so on, and thereafter wrap them 
with the three-dimensional net members from the front side 
of the seat to cover these components and engage end 
portions of the three-dimensional net members to a prede- 
termined frame portion, thus further facilitating the assem- 
bly work. 

[0090] Further, the torsion bar 61 and the movable portion 
63 connected thereto are disposed in the width direction of 
the seat cushion portion, so that when a large impact load is 
applied to the back cushioning member, its restoring force 
can suppress uneven deformation at the lower portion of the 
back frame member 20, resulting in deformation of the back 
frame member 20 in a more stable manner. In addition, the 
tension of the back cushioning member composed of the 
three-dimensional net member is loosened to allow the 
damping characteristics of the three-dimensional net mem- 
ber to function more reliably to be able to damp the impact 
for preventing a human body from being rebounded for- 

[0091] Furthermore, also in this embodiment, a boltless 
structure is provided to make it possible to facilitate the 
assembly work and enhance the function of suppressing 
rebound of a human body owing to the stable deformation of 
the back frame member 20 when receiving an impact load, 
caused by exhibition of high damping characteristics. In 
addition, since the bending action portions are easily arbi- 
trarily set in this structure, the function of suppressing 
rebound of the human body can be enhanced as in the 
above-described first embodiment. 

[0092] Moreover, in this embodiment, the movable por- 
tion 63 is provided to be forced downward by the torsion bar 
61. Thereby, the rearward pulling portion 70 provided in the 
vicinity of the boundary between the seat cushioning mem- 
ber and the back cushioning member is forced to be pulled 
downward in the normal state. Therefore, the seat cushion- 
ing member and the back cushioning member are structured 
such that the spring property possessed by the back cush- 
ioning member itself whose top end position is fixed is 
balanced with the restoring force of the aforesaid torsion bar 
61. Accordingly, the structure is designed such that an 
excitation force at a normal level is absorbed by the spring 
property possessed by the back cushioning member itself 
and the restoring force of the torsion bar 61. 

[0093] On the other hand, when a large impact vibration or 
impact force at a predetermined magnitude or more is 
inputted, and side frame portions 21 (including shaping 
frame portions 21a) supporting the back cushioning member 
deform to fall inward as described above to reduce the 
tension of the back cushioning member, the pulling portion 
70 is pulled in by the restoring force of the torsion bar 61, 
and along with this, the seat cushioning member is pulled 
downward. As a result, the vicinity of the haunches of the 
human body is pulled downward to generate a rotation force 



of relatively raising the knees, so that such an action can also 
suppress rebound of the human body. 
[0094] Next, referring to FIG. 3, a seat structure 1 accord- 
ing to a third embodiment of the present invention will be 
explained. As in the second embodiment, a spring mecha- 
nism 80 is provided also in this embodiment. The spring 
mechanism 80 comprises a torsion bar 81 and a link portion 
82, and the link portion 82 is composed of a movable portion 
83 and a pair of arm portions 84 formed integrally with the 
movable portion 83. The movable portion 83 is provided in 
the width direction of a seat frame member 10. 
[0095] In this embodiment, the movable portion 83 con- 
nected to the torsion bar 81 is disposed in the width direction 
under a rear portion of the seat cushioning member or at a 
position behind the boundary portion between the seat 
cushioning member and the back cushioning member. On 
the other hand, the arm portions 84 are made longer in length 
than those in the above-described embodiments so that the 
torsion bar 81 is supported by portions of the seat frame 
member 10 positioned under the vicioity of the front edge 
portion of the seat cushioning member. This is to enhance 
also the stiffness in the width direction in the vicinity of the 
front edge portion of the seat frame member 10 by the 
torsion bar 81, and the torsion bar 81 imparts the spring 
property to the movable portion 83 through the link portions 
82. 

[0096] It should be noted that, also in this embodiment, a 
back frame member 20 and the scat frame member 10 are 
individually formed by welding or caulking, arm members 
31 and 32 are attached to the back frame member 20 and the 
seat frame member 10 by welding or caulking, and reclining 
adjusters 40 are individually attached to the arm members 31 
and 32 by welding or caulking. In addition, slide adjusters 50 
are also attached to the seat frame member 10 by welding or 
caulking. 

[0097] Further, numerals 85 denote a pair of tension band 
receiving portions formed at the inside of both side portions 
of the seat frame member 10 in such a manner to individu- 
ally bulge out downward to prevent an excessive lift of the 
seat surface of the seat cushioning member. With the tension 
band receiving portions 85, tension bands 86 connected to 
the seat cushioning member are engaged respectively. 
[0098] Also in this embodiment, the movable portion 83 
connected to the torsion bar 81 allows the seat cushioning 
member composed of the three-dimensional net member to 
be elastically supported, so that there is no need to use a coil 
spring, thus further facilitating the assembly work. Further, 
the movable portion 83 is disposed in the width direction 
behind the portion corresponding to the range from the waist 
to the haunches of the human body in the back cushioning 
member and the seat cushioning member, so that the restor- 
ing force of the torsion bar 81 and the movable portion 83 
connected thereto allows the back frame member 20 to 
deform in a stable manner. This deformation reduces the 
tension of the back cushioning member composed of the 
three-dimensional net member, and its damping character- 
istics function to be able to suppress rebound of the human 
body. Furthermore, the movable portion 83 of the torsion bar 
81 is positioned behind the seat cushion portion, thus 
making it possible to reduce a feeling of something foreign 
at the femora and the haunch side. 

[0099] Moreover, as in the second embodiment, the mov- 
able portion 83 is provided to be forced downward by the 
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torsion bar 81 to provide a structure in which the spring 
property possessed by the back cushioning member itself is 
balanced with the restoring force of the torsion bar 81. 
Accordingly, the structure is designed such that an excitation 
force at a normal level is absorbed by the spring property 
possessed by the back cushioning member itself and the 
restoring force of the torsion bar 81. On the other hand, 
when a large impact vibration or impact force at a prede- 
termined magnitude or more is inputted, and the side frame 
portions 21 (including the shaping frame portions 21a) 
supporting the back cushioning member deform to fall 
inward to reduce the tension of the back cushioning member, 
the pulling portion is pulled in by the restoring force of the 
torsion bar 81, and along with this, the seat cushioning 
member is pulled downward. As a result, the vicinity of the 
haunches of the human body is pulled downward to generate 
a rotation force of relatively raising the knees, so that such 
an action can also suppress rebound of the human body. 

[0100] Furthermore, also in this embodiment, a boltless 
structure is provided as in the second embodiment to make 
it possible to facilitate the assembly work and enhance the 
function of suppressing rebound of a human body owing to 
the stable deformation of the back frame member when 
receiving an impact load. In addition, the bending action 
portions are also arbitrarily set to be able to further enhance 
the function of suppressing rebound of the human body as in 
the above-described embodiments. 

[0101] FIG. 4 is a view showing a fourth embodiment of 
the present invention. A back frame member 20 and a seat 
frame member 10 are individually formed by welding or 
caulking, arm members 31 and 32 are attached to the back 
frame member 20 and the seat frame member 10 by welding 
or caulking, and reclining adjusters 40 are individually 
attached to the arm members 31 and 32 by welding or 
caulking as in the above-described embodiments. In addi- 
tion, slide adjusters 50 are also attached to the seat frame 
member 10 by welding or caulking as in the above-described 
embodiments. 

[0102] In this embodiment, the position of arrangement of 
a spring mechanism 90 is different from that of the second 
and third embodiments. This spring mechanism 90 com- 
prises a torsion bar 91 and a link portion 92 connected to the 
torsion bar 91, and further the link portion 92 is composed 
of a pair of arm portions 94 and a movable portion 93 
disposed between the pair of arm portions 94. The movable 
portion 93 composed of a rod member is disposed behind a 
lower portion of the back cushioning member within a range 
from the vicinity of the waist to the vicinity of the haunches 
of the human body. 

[0103] Besides, the torsion bar 91 imparting a spring 
property to the movable portion 93 is disposed in the width 
direction in the vicinity of the lower portion of the back 
frame member 20 and slightly above the movable portion 
93. Further, a rearward pulling portion 70 in the vicinity of 
the boundary between the back cushioning member and the 
seat cushioning member is connected to the movable portion 
93. 

[0104] As a result of the pulling portion 70 being con- 
nected to the movable portion 93, a portion from the vicinity 
of the waist to the vicinity of the haunches of the human 
body of the back cushioning member and the seat cushion- 
ing member can be elastically supported, so that there is no 
need to dispose a coil spring, thus facilitating the assembly 



[0105] However, according to this embodiment, the tor- 
sion bar 91 and the movable portion 93 are positioned in the 
vicinity of the lower portion of the back frame member 20 
to increase the stiffness in the width direction of the back 
frame member 20 in the vicinity of the lower portion thereof, 
thus enhancing the function of preventing uneven deforma- 
tion in the vicinity of the lower portion of the back frame 
member when receiving a large impact. As a result, the back 
frame member 20 deforms in a more stable manner in a 
direction to loose the tension of the back cushioning member 
to be able to further enhance the function of suppressing 
rebound of the human body by virtue of the damping 
characteristics of the back cushioning member. 

[0106] Further, in this embodiment, the movable portion 
93 is positioned below the position of arrangement of the 
torsion bar 91, so that the torsion bar 91 forces the movable 
portion 93 rearward, that is, in a direction in which the 
pulling portion 70 is pulled rearward. Therefore, when a 
large impact vibration or impact force at a predetermined 
magnitude or more is applied to reduce the tension of the 
back cushioning member, the back cushioning member is 
quickly pulled rearward through the pulling portion 70. This 
results in a very small force of rebounding the human body 
by the back cushioning member. Further, when the human 
body moves rearward to displace the back cushioning mem- 
ber more, the movable portion 93 rotationally moves rear- 
ward more to generate a new tension field by the restoring 
force of the torsion bar 91. In other words, the back 
cushioning member once loses the tension field and then 
regenerates a tension filed while damping the impact by 
virtue of the damping characteristics at that time, so that the 
back cushioning member can further convert the damped 
impact force into an elastic energy to absorb it, thus pro- 
viding a function of scattering at a high level the impact 
exerted on the human body. 

[0107] It should be noted that a lower frame portion 22 is 
disposed between lower portions of side frame portions 21, 
21 of the back frame member 20 also in each of the 
above-described second, third, and fourth embodiments as 
shown in FIGS. 2 to FIGS. 4. Therefore, as in the first 
embodiment, the structure is designed such that when a large 
impact load is applied, the lower frame portion 22 can also 
prevent only lower portions of the side frame portions 21, 21 
from unevenly deforming, thus allowing the damping char- 
acteristics to function more reliably due to the lowering of 
the tension of the back cushioning member. 

[0108] The seat structure of the present invention is not 
limited to the above described embodiments. For example, 
the lower frame portion 22, which is provided to stabilize the 
manner for the back frame member 20 to deform when 
receiving an impact load, is not only combined with the 
aforementioned boltless structure or the structure provided 
with the torsion bar, but also applicable to a conventional 
bolt connecting structure. Even in this case, as compared to 
the case of the back frame member having a conventional 
structure with no lower frame portion, uneven deformation 
can be suppressed so that the damping property due to the 
lowering of the tension of the back cushioning member can 
be enhanced more than ever. 

[0109] Furthermore, in the above-described embodiments, 
the three-dimensional net member is used for both the back 
cushioning member and the seat cushioning member. How- 
ever, the cushioning member (the back cushioning member 
or the seat cushioning member) adopted in the seat structure 
of the present invention is only required to be a tension 
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structure with a tension field by being put up on the frame 
member (the back frame member or the seat frame member) 
supporting the cushioning member, a structure capable of 
decreasing in tension and preferably forming a critical 
damping system or an over damping system when receiving 
a large impact load. 

[0110] Therefore, it is also possible to use, in place of the 
three-dimensional net member used in the above-described 
embodiments, a two-dimensional structure with urethane 
comprising a two-dimensional fabric or a two-dimensional 
knitting; and a urethane layer having a surface layer layered 
on the two-dimensional fabric or the two-dimensional knit- 
ting. Note that a urethane layer can be used which is 
composed of a thin polyurethane foam about 2 to 30 mm in 
thickness. 

[0111] When the present invention is constituted using 
such a two-dimensional structure with urethane, in spite of 
slightly inferior durability and permeability and a little bit 
high spring property, the two-dimensional structure with 
urethane can be used by being put up on the frame member, 
thus providing almost the same action and effects as those in 
the case using the above-described three-dimensional net 
member. Consequently, this two-dimensional structure with 
urethane is also useful, similarly to the three-dimensional 
net member, for various seat structures. 
[0112] Further, the cushioning member composed of the 
three-dimensional net member, the two-dimensional struc- 
ture with urethane, or the like is put up on the frame member 
at an expansion rate of 30% or lower as described above, and 
it is preferably put up at an expansion rate of lower than 0%, 
that is, in a contraction state with stitches of the three- 
dimensional net member or the like being reduced in size 
from those under no load. Besides, the portion to be brought 
to the contraction state may be the whole or a part of the 
cushioning member. For example, when the cushioning 
member is used as the seat structure, the above portion in the 
contraction state can be provided at a position of the seat 
cushioning member under the tuber ischiadicum and at a 
position of the back cushioning member corresponding to 
the vicinity of the lumbar vertebrae. 

[0113] Means for providing the contraction state includes, 
for example, one for sewing and one for vibration welding 
the three-dimensional net member or the like with stitches 
thereof being reduced in size. 

[0114] The tension structure having such a portion in the 
contraction state is provided, so that when a large impact 
vibration or impact force at a predetermined magnitude or 
more is applied thereto, the yarn sewing is cut or the welded 
portion peels off to release the contraction state to cause the 
stitches to expand. Since no restoring force acts from the 
contraction state to an expansion rate of 0% of the three- 
dimensional net member, the tension of the portion is lower 
than that within the range of normal use, so that high 
damping characteristics are exhibited. On the other hand, 
when the three-dimensional net member or the like has an 
expansion ratio exceeding 0% to begin expanding, the 
damped impact force is absorbed by an elastic energy of a 
newly created tension field. Therefore, high impact absorp- 
tion characteristics can be exhibited. 

[0115] It should be noted that the configuration in which 
the above-described portion in the contraction state is pro- 
vided at least at a part of the cushioning member provided 
as the tension structure on the frame member, can be used by 
itself and in combination with the above-described impact 
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absorbing structure utilizing the deformation of the frame 
member. In the case of using both of them, higher impact 
absorption characteristics can be exhibited with impact 
absorption characteristics owing to release of the contraction 
state of the cushioning member and impact absorption 
characteristics owing to deformation of the frame member. 

[0116] Here, a specific example of the lifting mechanism 
that permits the front end side of the seat frame member 10 
to move up or lift when receiving an impact vibration or an 
impact force at a predetermined magnitude or more, will be 
explained. First, an example of a lifting mechanism 200 is 
explained with reference to FIGS. 5 to FIGS. 8A to 8C. The 
lifting mechanism 200 comprises a lift controlling portion 
210 which suppresses lift of the front end portion in the 
normal state and permits lift when an impact vibration or an 
impact force applies a load at a predetermined magnitude or 
more in the lift direction, and a lift restricting portion 220 
which restricts lift at a magnitude greater than necessary. 
[0117] The lift controlling portion 210 comprises, in a 
state of an inward projecting piece 11a in the vicinity of the 
front end of the side frame portion 11 being superposed on 
a forward portion of the slide adjuster 50 as shown in FIG. 
8A, a fixing pin 211 provided from the slide adjuster 50 side 
in such a manner to piercing both the slide adjuster 50 and 
the inward projecting piece 11a; an elastic member 212 
fitted around a shaft portion of a portion of the fixing pin 211 
projecting from the inward projecting piece 11a; and a 
holding plate 213 which pushes the upper end of this elastic 
member 212 downward and is fixed in the vicinity of the 
upper end of the shaft portion of the fixing pin 211. 

[0118] The lift restricting portion 220 is formed by con- 
necting two link plates 222, whose one end is fixed to the 
slide adjuster 50 and the other end is fixed to a side face of 
the side frame portion 11, to each other through a shaft 221. 
[0119] Accordingly, during normal use, the seat frame 
member 10 is used without the front end side of the side 
frame portion 11 separating upward, as shown in FIG. 5 and 
FIG. 8A, by means of the holding plate 213 and the elastic 
member 212, and without the link plates 222 spreading out. 
On the other band, for example, when a rear-end collision 
applies a predetermined load in a direction to push the back 
cushioning member, the inward projecting piece 11a of the 
side frame portion 11 is lifted to move upward as shown in 
FIG. 6 and FIG. 8B. Thereby, the elastic member 212 is 
compressed and, at the same time, the two link plates 222 
form a predetermined angle around the shaft 221 to spread 
out. Then, when a larger load is applied, the holding plate 
213 gets unhinged from the shaft portion of the fixing pin 
211 together with the elastic member 212 as shown in FIG. 
7 and FIG. 8C, to permit lift. 

[0120] As a result, when an impact vibration or an impact 
force applies a large load, the front end side of the seat frame 
member is lifted in accordance with the magnitude of the 
load. Thus, the haunches of the human body sink in response 
to the lift to relatively lift the knees, thus enabling suppres- 
sion of rebound of the human body. Further, even if a large 
load is applied and the holding plate 213 gets off from the 
shaft portion of the fixing pin 211, the lift of the front end 
side of the seat frame member is restricted at a point when 
the link plates 222 fully extend into almost one straight line 
as shown in FIG. 7 and FIG. 8C. This restricts the rearward 
inclination angle of the seat back accompanying the above 
extension to be able to prevent the seat back from falling 
toward a seated person in the rear seat. 
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[0121] _ Note that the material of the elastic member 212 is 
not limited as long as serving the above-described function, 
and adoptable materials include rubber members, spring 
members, bellow members made of metallic material, mem- 
bers made by appropriately combining them, and the like. 
[0122] FIGS. 9A to 9C show another example of the lift 
controlling portion 210 structured such that, in place of the 
above-described elastic member 212 and holding plate 213, 
a tapered member 214 having a flange portion 214a at the 
upper end portion and decreasing in diameter downward is 
fixed around the shaft portion of the fixing pin 211. 

[0123] During normal use, as shown in FIG. 9A, the 
inward projecting piece 11a of the side frame portion 11 is 
positioned in the vicinity of the lower end of the tapered 
member 214. On the other hand, when a predetermined load 
causing the front end side of the seat frame member 10 to 
separate upward is applied, an engagement hole of the 
inward projecting piece 11a is reamed so that the inward 
projecting piece lla is lifted to a position to hit against the 
flange portion 214a as shown in FIG. 9B. When a larger 
load is applied, the engagement hole of the inward project- 
ing piece lla is reamed further so that the inward projecting 
lla climbs over the flange portion 214a to get off therefrom 
as shown in FIG. 9C. This permits a lift motion of the seat 
frame member 10. Note that the lift restricting portion 220 
with the link plates 222 restricts rearward inclination of the 
seat back greater than necessary as in the above -described 
example. 

[0124] FIGS. 10A to 10C to FIG. 12 show still another 
example of the lifting mechanism 200. In this example, the 
lift controlling portion 210 is formed in the shape of the 
letter L hi which one face thereof is welded to the slide 
adjuster 50 and the other face is disposed along the side face 
of the side frame portion 11, and comprises a plate member 

215 formed with a vertically long slit 215a; and a fixing pin 

216 inserted through the slit 215a and fixing the side frame 
portion 11. Further, the inside of the slit 215a is provided 
with a protruding portion 215fc protruding inward. The lift 
restricting portion 220 comprises two link plates 222 pro- 
vided through the shaft portion 221 as in the above-de- 
scribed examples. 

[0125] In the above configuration, during normal use, the 
fixing pin 216 is restricted by the protruding portion 2156 of 
the slit 215a to hold the seat frame member 10 at a 
predetermined position as shown in FIGS. 10A to IOC. In 
contrast to this, when a predetermined load causing the front 
end side to separate upward is applied, the fixing pin 216 is 
guided to move upward inside the slit 215a in such a manner 
to crush the protruding portion 215f> as shown in FIG. 11. 
Then, at a point where the fixing pin 216 hits against the 
upper edge of the slit 215a, its travel distance is restricted. 
When a larger load is applied, the fixing pin 216 hit against 
the upper edge of the slit 215a is broken to lift further the 
front end side of the side frame portion 11 as shown in FIG. 
12, thereby reducing the magnitude of rebound of the human 
body. The rearward inclination angle of the seat back at this 
time is restricted by the lift restricting portion 220 as in the 
above-described examples. 

[0126] In this example, the protruding portion 215ft is 
caused to protrude in the slit 215a to thereby restrict the 
attachment position of the fixing pin 216 during normal use. 
However, it is possible to adopt, as means for restricting the 
attachment position of the fixing pin 216, means for pro- 
viding protruding ridge portions 11c and 215c which can 
engage with each other in a staggered manner, at both the 
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side plate portion 11 and the plate member 215 in the shape 
of the letter L as shown in FIGS. 13A and 13B. Further, it 
is also possible to provide the protruding ridge portion 11c 
only in the vicinity of the lower portion of the side frame 
portion 11 and dispose slantwise the plate member 215 in the 
shape of the letter L such that the higher the plate member 
215 goes, the closer to the side face of the side frame portion 
11 the plate member 215 becomes as shown in FIGS. 14A 
and 14B, thereby making it possible to restrict the load 
required when the side frame portion 11 is lifted. 

[0127] It should be noted that the above-described lifting 
mechanisms 200 are only examples, and it is of course to use 
any mechanism as long as it can permit lift of the front end 
side of the seat frame member 10 and restrict a rearward 
inclination greater than necessary due to the lift when a 
predetermined load is applied. 

[0128] In the foregoing, the explanation is made taking as 
an example the case where the impact absorbing structure of 
the present invention is applied to the seat structure. How- 
ever, the impact absorbing structure of the present invention 
is not limited to the seat structure, but can be adopted in 
place of a cushioning material (mat) or the like utilizing 
internal damping typified by viscoelastic urethane and gel 
used when the human body is transported at a predetermined 
acceleration such as at a time of emergency escape or at a 
time of a fall from a height. 

[0129] (Test Example) 

[0130] For the seat structure made by putting up the 
three-dimensional net member on the frame member accord- 
ing to the first embodiment shown in FIG. 1, a rear-end 
collision test was carried out with a dummy doll 100 kg in 
weight seated wearing a seat belt. It should be noted that the 
test was carried out by colliding a flat car against, from 
behind, a vehicle frame with the seat structure mounted 
thereon at a maximum acceleration of 171.1 m/s 2 and a final 
speed of 7.1 m/s and measuring accelerations of the breast 
portion and the waist portion of the dummy doll. 

[0131] The result is shown in FIGS. 19A and 19B. FIG. 

19A shows the acceleration of the breast portion, and FIG. 
19B shows the acceleration of the waist portion respectively. 
Note that in the drawings, figure X indicates the acceleration 
in the right-and-left direction (BL direction), figure Y indi- 
cates the acceleration in the back-and-forth direction (TL 
direction), and figure Z indicates the vertical direction (WL 
direction). Further, changes in behavior of the dummy doll 
were photographed in succession during the test, and the 
appearances of the behavior with respect to time are shown 
in FIGS. 20A to 20F. 

[0132] First, as clear from FIG. 19A, the breast portion is 
pushed rearward to the point in time of about 50 msec after 
the collision, and thereafter pushed rearward due to the 
deformation of the back frame member, showing the maxi- 
mum acceleration from about 70 msec to about 80 msec, and 
the acceleration settling until about 110 msec. These phe- 
nomena occur because the three-dimensional net member 
being the tension structure is pulled toward its center to 
cause the deformation of the back frame member, thereby 
reducing the tension of the three-dimensional net member at 
once. In this event, the head portion of the dummy doll 
showed no large rebound in the back-and-forth direction 
during this period (see FIGS. 20Aand 20B). Subsequently, 
the dummy doll showed the behavior such that the accel- 
eration slightly increased due the deformation of the frame 
at about 110 msec, then the deformation of the frame 
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continuing until about 150 msec, and thereafter the accel- 
eration slightly increased again. 

[0133] The acceleration increases at about 150 msec, but 
a moment generated in a rotational direction due the move- 
ment of the trunk cancels a force of the head portion moving 
forward generated by a reaction force of the back cushioning 
member, and thus the increase in acceleration is in the sate 
in which the head portion is fixed to the seat, resulting in a 
small amount of movement in the back-and-forth direction 
of the head portion (see FIGS. 20C and 20D). Therefore, 
the increase in acceleration is considered to be caused by the 
restoring force of the frame member. 

[0134] Further, as clear from FIG. 19A, from 50 msec to 
60 msec when the breast portion is pushed against the back 
cushioning member at first, the vertical acceleration does not 
exceeds in value the horizontal acceleration, which shows a 
small magnitude of rebound of the dummy doll. 
[0135] Furthermore, as shown in FIG. 19B, the accelera- 
tion of the waist portion in the vertical direction increases 
and then quickly settles with little change in acceleration, 
which shows a small magnitude of rebound of the waist 
portion. 

[0136] Furthermore, referring to FIGS. 20A to 20F, it is 
found that changes in behavior from 0 msec to 180 msec are 
as described above. Moreover, in comparison FIG. 20D at 
180 msec to FIG. 20E at 240 msec, there is a small 
difference in position of the head, which shows a small 
magnitude of rebound thereof. This is because the trunk is 
pushed against the back cushioning member to thereby 
suppress forward rebound of the head portion. Similarly, it 
is shown that there is a little difference between the position 
of the head portion in FIG. 20E at 240 msec and the position 
of the head portion in FIG. 20F at 280 msec. 
[0137] From the foregoing, it is found that, in the net seat 
of Test Example, the three-dimensional net member being a 
tension structure reduces in tension when receiving a large 
impact vibration or impact force, thereby providing high 
damping characteristics. More specifically, as the evaluation 
of impact absorption characteristics, a small relative dis- 
placement in the back-and-forth direction of the head por- 
tion and the trunk and a small acceleration in the vertical 
direction are preferable, and the present invention includes 
a structure capable of providing characteristics very close to 
such preferable characteristics. 

[0138] The impact absorbing structure and the seat struc- 
ture to which the impact absorbing structure is applied of the 
present invention can exhibit high damping characteristics 
because they are structured such that the tension of the 
cushioning member provided as a tension structure lowers 
when receiving an impact vibration or an impact force at a 
predetermined magnitude or more. 

[0139] While preferred embodiments of the invention 
have been described with a certain degree of particularity 
with reference to the drawings, obvious modifications and 
variations are possible in light of the above teachings. The 
scope of the invention is to be determined from the claims 
appended thereto. 



What is claimed is: 

1. An impact absorbing structure having a cushioning 
member provided as a tension structure with a tension field 
formed by being supported on a frame member, 



wherein upon receipt of an impact vibration or an impact 
force at a predetermined magnitude or more, said frame 
member deforms in a direction to reduce the tension of 
said tension structure. 

2. An impact absorbing structure having a cushioning 
member provided as a tension structure with a tension field 
formed by being supported on a frame member, 

wherein at least a part of said cushioning member is 
provided in a state of contracting in a tangential direc- 
tion of said cushioning member in a normal state, and 
upon receipt of an impact vibration or an impact force 
at a predetermined magnitude or more, the contraction 
state of said cushioning member is released. 

3. An impact absorbing structure having a cushioning 
member provided as a tension structure with a tension field 
formed by being supported on a frame member, 

wherein at least a part of said cushioning member is 
provided in a state of contracting in a tangent direction 
of said cushioning member in a normal state, and 

wherein upon receipt of an impact vibration or an impact 
force at a predetermined magnitude or more, the con- 
traction state of said cushioning member is released, 
and said frame member deforms in a direction to reduce 
the tension of said tension structure. 

4. The impact absorbing structure according to any one of ■ 
claim 1 to claim 3, 

wherein said frame members disposed with a predeter- 
mined distance therebetween with said tension struc- 
ture put up thereon deform in a direction to get closer 
to each other upon receipt of an impact vibration or an 
impact force at a predetermined magnitude or more. 

5. The impact absorbing structure according to any one of 
claim 1 to claim 3, 

wherein said cushioning member is formed of a three- 
dimensional net member formed by connecting 
together a pair of ground knitted fabrics disposed apart 
from each other using connecting fibers, or a structure 
with urethane comprising a two-dimensional fabric or 
a two-dimensional knitting and a urelhane layer layered 
on the two-dimensional fabric or the two-dimensional 
knitting. 

6. A seat structure, comprising: 
a back frame member; 

a seat frame member; and 

a cushioning member provided as a tension structure with 
a tension field formed by being supported on each of 
said frame members, 

wherein upon receipt of an impact vibration or an impact 
force at a predetermined magnitude or more, at least 
one of said frame members deforms in a direction to 
reduce the tension of said tension structure. 

7. A seat structure, comprising: 
a back frame member; 

a seat frame member; and 

a cushioning member provided as a tension structure with 
a tension field formed by being supported on each of 
said frame members, 
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wherein at least a part of said cushioning member is 
provided in a state of contracting in a tangential direc- 
tion of said cushioning member in a normal state, and 
upon receipt of an impact vibration or an impact force 
at a predetermined magnitude or more, the contraction 
state of said cushioning member is released. 

8. A seat structure, comprising: 
a back frame member; 

a seat frame member; and 

a cushioning member provided as a tension structure with 
a tension field formed by being supported on each of 
said frame members, 

wherein at least a part of said cushioning member is 
provided in a state of contracting in a tangent direction 
of said cushioning member in a normal state, and 

wherein upon receipt of an impact vibration or an impact 
force at a predetermined magnitude or more, the con- 
traction state of said cushioning member is released, 
and said frame member deforms in a direction to reduce 
the tension of said tension structure. 

9. The seat structure according to any one of claim 6 to 
claim 8, 

wherein upon receipt of an impact vibration or an impact 
force at a predetermined magnitude or more, a side 
frame portion constituting said back frame member 
deforms to fall inward to reduce the tension of said 
tension structure. 

10. The seat structure according to any one of claim 6 to 
claim 8, 

wherein said back frame member is provided with a 
bending action portion that bends rearward when 
receiving an impact vibration or an impact force at a 
predetermined magnitude or more. 

11. The seat structure according to any one of claim 6 to 
claim 8, 

wherein said seat frame member has a lifting mechanism 
that lifts a front end side of said seat frame member 
when receiving an impact vibration or an impact force 
at a predetermined magnitude or more. 

12. The seat structure according to any one of claim 6 to 
claim 8, 

wherein said back frame member for supporting said back 
cushioning member and said seat frame member for 
supporting said seat cushioning member are individu- 
ally formed by welding or caulking, and 

wherein a back arm member and a seat arm member are 
attached to said back frame member and said seat frame 
member respectively by welding or caulking to connect 
both through a reclining adjuster. 

13. The seat structure according to claim 12, 

wherein said reclining adjuster is attached to both said 
back arm member and said seat arm member by weld- 
ing or caulking. 
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14. The seat structure according to any one of claim 6 to 
claim 8, 

wherein a slide adjuster for moving said seat frame 
member back and forth along a rail member fixed on a 
support floor surface is attached to said seat frame 
member and/or said seat arm member by welding or 
caulking. 

15. The seat structure according to any one of claim 6 to 
claim 8, 

wherein said back frame member is formed in a shape of 
a frame having a lower frame portion disposed to run 
between lower portions of said pair of side frame 
portions, and a space portion above said lower frame 
portion for permitting said back cushioning member to 
protrude further to the rear than said lower frame 
portion. 

16. The seat structure according to any one of claim 6 to 
claim 8, 

wherein a spring mechanism for serving functions of 
complementing a stroke of said cushioning members 
during seating and relieving vibration, comprises a 
torsion bar and a movable portion connected to said 
torsion bar, and said movable portion is provided at any 
position within a range of said cushioning members 
corresponding to the range from the vicinity of the 
waist portion to the vicinity of the haunches. 

17. The seat structure according to claim 16, 
wherein said movable portion is disposed in a width 

direction under a rear portion of said seat cushioning 
member and forced downward by said torsion bar in a 
normal state, and pulls downward said seat cushioning 
member by said torsion bar when the tension of said 
back cushioning member lowers due to receipt of an 
impact vibration or an impact force at a predetermined 
magnitude or more. 

18. The seat structure according to claim 16, 
wherein said movable portion is disposed in a width 

direction behind a lower portion of said seat cushioning 
member and forced rearward by said torsion bar in a 
normal state, and pulls rearward said seat cushioning 
member by said torsion bar when the tension of said 
back cushioning member lowers due to receipt of an 
impact vibration or an impact force at a predetermined 
magnitude or more. 

19. The seat structure according to any one of claim 6 to 
claim 8, 

wherein said cushioning member is formed of a three- 
dimensional net member formed by connecting 
together a pair of ground knitted fabrics disposed apart 
from each other using connecting fibers, or a structure 
with urethane comprising a two-dimensional fabric or 
a two-dimensional knitting and a urethane layer layered 
on the two-dimensional fabric or the two-dimensional 
knitting. 
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U-AttOt&MJi&WUitfSfcfc, Af*©»Sflfr5l8 

< 5MU Aft©Kfeii>)ftBtaiA*i:4:«<T»t*. 
[0 0 16] 11*51 2|B«<0%Wfc«tntf, WSPffl7 
U- Att&tf &Sflffl7 U- Atf jfitfj]/ h&m^ZC kit 
<ffM?n, M^7L/-A«SyMPffl7L/- 



wis £, ^Jtirsfcfeojaftf^fflsp^m^offios 

fcKST* c & D , f:?;f(5/H ^y> 3 ytf «4M 

^^«46^mMl7U-AW«g^©f±77*^L, A 
»©B6teiB»)*J:t)ai**i:i:^T?*« 0 gfc, ens 

0, IH*3iTIf?.Ofl8«{L SfeXbOf©! 01!,!;© 
ffi;Hfc:3r-'*f 5„ 

[0017] §imi 3x« 1 4Bmmmc^tii£. 
v >? 5 4 =. y v 7 i/> x ^ x f * x 7 -r f 7 >/> x ^ t ip 

[0 0 18] IlsRril 5fB««fgs^tj;tx«\ AtftSJ 

7 u- unm^-cm nfeTSP7 aspjc «t o t, ff 
gpffl7 u-A«©Tgp{\fififctji3-5ffi^ itwbmmz 

tlZo t l/T, TSI57U-AgP±^!t§J:3fcLT, 
g|5ffl ^r>3 y«* , iTgP7 AgB©±££>£iag|3fr 6 

[0 0 19] H#gi 6-1 8i5«03%WteJ:tl«, ^ 
-y v 3 yffOJMW*ifi!^6IWW*jfiKffiS , r*«!HOV> 

ifiOffi&lfllKiBoTh— >a y/^-atf/Xtt I — i/3 

TSK^fS h-^3 y^-^aattfeil^Kfi, ^-y 
i/ 3 y W<D5S**<ffiTT S d i: t J: 0 , * -y i/ 3 

[ 0 0 2 0 ] -7?, ttgRffl ^7->3 >W*«7jfC^»-T 

k fc J: t) , ?f gsffl ^ y «> 3 y#*flttrt ? I ^mob. 
tuTJ^O^feig d % W x. § c i: ^T* t § o 

[0021] sfc, ^-rn^ii^t, ^^ifcffiis^n 

h—>3 y/^-CD^TCT^tC J;oTtfgPffl7U-A«T 
3Pffl7 U-Atf Og^Wtt^A^S bs MOT 7 -y ^ 3 

[0022] imjs 1 9ia«o^{<: intf, mtsmm 
fok Lrmznztv t/ 3 y#*=&7t±Mmi?z> 

fttiotfe, H^if«It^[Wl«©^©l7jl* 
«f A fc!l*«JStt tLT^r>3 y#*Jfc8f 
7?^§ 0 
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[0 0 2 3] 

«WO#^Sfi}g!S»C«5^fl|3g 1 tcfct^T, *,Wfl7 
U-AM 1 0fcSB»*nT5it«n*a«ffl^yS/a> 
«■ fcff fMl7 2 0 fc3lia«tlTS}$*tl*ff» 

[0 0 2 4] =^7t4ftiB!ftit±, EWcUHfflLTEB? 

•fctJJ&SStlTV*. H(W9Ktt, 01 5fcjS*\J:3 

10, 120fc, 
> Kfitf! 110, 120 Pal^SS LT[^#«g^f § £ 
IMIS* 1 3 0 i:*#f5ift:WS:H^7E«Sifi*^S! 

[0 0 2 5] -#0^>K*Util 1 0t±. ffljtff, 0 
1 6^L/c£dfc, WttfcHKofcftfrS, 7x-;b 

ttu ^©^^yKS^i 20a, wx.it. mnic 

^LfcJJdE, Sam^tto^^e, (A 

ftJB) o^-r>a%wts, -^©y^yKSttfii 1 0 

A«^^<Dii±fi!ffl^^«ffl -rsctfc-ptSo sis* 1 
30 a:, -nwyymm i ofcflKfoy^yKa 

% 1 2 0 fc^BH£0|!BHi*«firt-* <£ v fc, c o-jfo 
WVYW&l 1 0, 1 2 0lSfcfi#&A/Et.©T, S 
-y>a'7 htft^T^SH^TCSftiHfljl 0 0JC 

[0 0 2 6] ^yKttfii 10,12 0 

y h&^x^y&zm^zz ttmtz u\ 

[0 0 2 7] J1IS*1 3 0tlT(i, t/7-C7jt>h 
*»§ci:«L<, *«167~1100f f / 

Ty*7.<Dmm<D*>(Di)Wm-e3b&o ^i^y^v^y 

fc, 1 6 7fi'f'y^X5T@§5:M?^f 

Sftfc< <&t), 1 1 0 0 7*S/7 L y*X*±lHi**&fc: 

e.?*5o tSb^, 5§IS*1 3 0£LT±i2*BH© : & 

h*ws-r scttc^D, m&%<Dffin 
*\ zv^ymm i o, 12 o*n/g-r«fii©^ 
»£iiis*i 3ooif (ffiwiatfjfiB) tcto, $ 

fc, ^LfcJilS* 1 3 0fc/^tt*f5f#-rsBSL 



fciiis* 1 3 o©(B7trtK«fc-3Ti*j-r*«: 

4: tc «t t) #t «ff tttf ft/liiT 5 o 
[0 0 2 8] 7' 5 > K*Xttffitt* 1 3 0 <nm t LX 

», ftKKsgsns ^yrotr 
;k u-3>^©^«*.^s4»i 7-;k fk lis 

<ti, #'Jx^i/yfl/7?l/-h (PET) , ^>J7 

^i/>rb7^b-h (pbt) KEizmztizm 

7n if mtH£tii> # 'J * y*«t, * 
5 w± en 5 o«*t* 2 mmM±®&.£t>tt iotfs 

[0 0 2 9] »|§* 1 3 0«§©{±75 (/^») 
fcLTti, ft^yKWftl 10, 1 2 0%il*Sf*a 

is* 1 3 o ^ mfcttffiT-«-r fc , <}; 5 mmc 
a, mm. 01 BKSLfcidftwwciMH^n*,, 

(a) , (b) ti, y5>K«iftl 1 0, 1 2 0Htii 

is* 1 3 o zmmmcufr&Lrcx h u- h ^^7t- 

SO, CO^ (a) tt8 09«KKLT«tfXH/~h 
t«A.«tO-?, (b) tt*«a*hl^hfc«M£fe 
«T-fe^o (c) ~ (e) tt, ?<7yYW& \ 10, 1 

2 OHtfe^T, MIS* 1 3 OtfWPSH-f 
IWc^nx^^7"tfe^ d(7)9^ (c) tt8©^« 
i^nXH/ci©, (d) tt*W4*nXfc«A,^t, 
©, (e) tt2*f-3Sfc46T*nx (^;^DX) 
ftftfeOTSS. ftfc, (c) ~ (e) t^LfcJ:3 
tt, i!IS*l 3 0^)±^M^^T»i6fcE«L/cli^ 
fcti, jIIS* 1 3 0^^7>Fli 110, 1 2 ORSfc 
*5tfSitfciBBUfeJgf!li:Jt«eUT ( (a) , (b) # 
B8) , §11IS*1 3 0©iSSaa£«fc?)+^*^7£^* 

[0030] 3*ck, 0 1 1 
ntcftsdcjAiKi i ^ri«H^-r?,o 0 1 1±, 35 1 (Dmmm 

&<DM-&mm*7jitt><D-£&% 0 ccD0(c^U/cJ;5 

tc, ffijs«igni, m^my u-awi o, n^yu 

3 2, U*5-r->^7S?+X*4 0, X7"fK7v"> 
X^5 0^WLT«fig^nSo 

[0 0 3 1] Sg|5ffl7b-A#l Ott, 

feOTSO, 2 0©^ F7U- Ag[51 K tug[57U- 
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SfccDT&r), 2OC01M K7U— A£|$2 1, TS7b 
-.MB 2 2£W± l 'ft7b-A t 'f|S2 3 fcj^6e^«D«KK 

n5fl,^H7U-A«2 0&tf«|J7U-Atf 1 0 

5. Sfc, W,WJ7U—Afcf2 0©"9--f 

i, 2 its, ^n^ft, %®m*v t s-3y#ikmm- 

t-^/c46(DJgtttilb7L/-Ag[5 2 1 a, 2 1 afltRttS 
ttTV**#, £CDJgttttiL7U-Ag[52 la, 2 1 at 

[0 0 3 2] f/c, Sffl7l/-A#l OfCti, 
»fc*»flJ7-ASW3 l*M£ftT*5^ M[5ffl7 
U-^8W2 0K{4, Z(DTmcmm7-L,®tt3 2 
^a*SSnTI/>* 0 Egg[5ffl7-Agf!«3 1 fc|fffl$ffl7- 
ASW3 2i:{±, >Jf7l'^7^X>4 0*^L 

[0 0 3 3] fit, #SSJ(SJ&gT?f±, 

«i oRTimmmr-umte ltfssxafr limbec 

fc.fc&SBSarttTfcD, Sfc, fnfffl71/-AH2 OS 

mmr-hm 3 2 t^ax^^bto^xtctDa 

&ffiffl7-ASW3 lRtf»i5ffl7-Affl$;|5f3 2© 

[0 0 3 4] *HSfiJg!iKfcV^Tti, J^C, ffig|5ffl7 

-rt/gfll* 5 lfc fo v o T tu &fft 2 § 7 v ■< K 7 >>> X * 

*50fe, «87b-A#l 0(C, SSSXtt^Uftin 

[0 0 3 5] H^7tJi{*S%«, «87b-A« 1 0 
Stf*aPffl7U-A«2 0*»J«-r5±l3Lfc*7U- 

[0 0 3 6] ±8EUfcJ:3fc, :*3H»B»fc*J^TH:, 
fSffl7l/-A#2 0SOl3ffl7l/-AMl 0^, ^ 



tx^f ftjgSX&fr LfeiDIC J: 5 J&S U fff'fPJIJ 7 U- 
Atf 2 0 t*iWl7U-A« l 0 fc^y&'i-f 5&7-A 
W3 1, 3 2?-, f JSPflJ 7 A« 2 0 RXS&.m\\ 7 
U-AWl OKWLT^-n^nJSSEXti^LfeiPIfcj: 

m 2 0SDM7l/-A#l OflWh*/!^*,: 
t4<MSn, S*fc, f : f;fr!IU7b-A«2 O&tfftfW 
/TJ7b-A# l 0#&7-AfW3 l , 3 2fcttLT# 

g[5ffl7 u- A» 2 0 namoXtttfi J: 9 Sf£ U =#7G 

o T ^ i, ttggffl * -y i/ 3 y#<mt! (Di&TlC X o T * © 

[0 0 3 8] Sfe, WBffl7U-Atf2 0*«ia-r*- 
K7U-ASP2 1, 2 1 0~RJW*i£IHfcti\ ± 
IBtO,i;9tcTg|57b-A^2 2*«I?tiTt^„ c© 

5f« ^K7U-Ag|5 2 1. 2 i*^fjn-rsj:dfc 

mtt%t>\ ccD^tc, m-JYyxs-ixBz 1, 21 

ffl ^ . y i/ 3 ytfw^wffiTtCct tt^r £ 0 St #1 

tffffl«*5Ci:*«?ff« 0 tit. T^71^-Ag[I2 2 
©±7?tC«, ±§|57U-AgP2 3 fclM K7U-AS32 
1,2 1 (C^OHSn/cSKg|5 2 5«jnTfet), 

[0 0 3 9] -Tftb-s, **ffiff$litcJ;n«\ tu^^] 

icsK%%mmmut>%£ tic i^t, **#<dwa^75- 

LiA^n, cntCff^^ffl7U-A#2 o^\ wsra 

^•^yBymcKii^n^mmwiLxm, ts(57 

U-AS2 2 EioTiEOJ: 0 tfi^/cgJg^M:? 

noo, Ht-r F7u-Agp2 1,21 (&mmmLy 

L--Ag[5 2 la, 2 1a) £(D%£ 

WlfilE«Lfc-9--i'K7U-A«2 1,2 1 CRtfJK 
ttHJL7b-Ag[5 2 la, 2 1a) HOMRS (SBBSP2 
5) t)m<&%tctb, ^F7WA2 1,2 1 (&£/ 
S«tBL7b-Ag|52 la, 2 1a) Ht^O^T* 

3SI8?ftT Vfc=^7tiE(«ift (tfgPffl ^ <y 5/ 3 
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c©H#7c3«ift (W^ffl^-y^a 
[0040] gfc, cio^StegJB-ptt, U*7-T->y 

7^+^4 0*, &7-A8W3 1. 3 2t, ^-ftJf 

n?gsx« ^ u mux tc <t 9 <o Hif, x 5 -r f t s>> 

^50^ Sgtfffl7I^-A#l 0^ TggXJifrL-46 
7^y^*7^+X^4 OXfiX^ K7~»X* 5 0 
46s ffi&tt £ 5> KggfbT £ S «ii t % o T ^ 

So 

[0 0 4 1 ] &}3, JSg[5ffl7U-A#l 0t^*H*« 

mmtvi>av# mm?) , wgra7u-A#2 

fscfca^suN, cntc^f?, #7u-A*no, 
2 o^tDrnQmrnm-hmmttztmc, m®f%zv 
~>3>ttt utmm )7->3>tti (ommmzmic ? i 
■D^m-o^K) Bftzm. i5#% « SUE 

0<DT7^CtSTOit<j7U-A«7 1 fC^ 
[0 0 4 2] #g|5ffl7U-Att2 0£fl|/ff-fS-9- 

50i o Tgjg-r § c t < a s fc J6, Hftftffl 
[0043] m\ i:fc^titiB7-i'yt^o 



fflfstf 3 ffispjij^u- 

A#l 0£D«{!!iJ«fe±^5/c46, ff.Wifi^ttfrii 
^"T^, A#£D©MD^«iJ-r§a^,!ii65C 

Wjicfei-zmmm^ % c 1 1 m^ib%. 

ftg|5ffl7 U- A^OMiSffiy^ «}: D Mfe±^ D ^ < 

a 5 «t 3 a»6fe±A* 5 c 1 1, wefcs 

[0 0 4 4] ^{C, H 2 2 <Dmm 

m^mmm& \ %®mt% 0 m 2 a, ^ 2 

[0 0 4 5] /^*8fl!6 Ott, h— >a>7*-6 1 k'J 

#^P»^5WTfjgP6 3 ^f(?D7-Ag|5 6 4 fcA^S 
So H- : ^3^-6 1 fc»BSft;fcRlIb«6 3fcfc, ffi 
g|5ffl7U-AWl 0cD*g^^tC^oT!Stt?»n, CtUC 
jIISLT^S > 3 1«, CCDRr»J0[!6 3 J; 

DfeS6fc&#teffi«f S&ay^U-Atf 1 OfcjfiB 
$nfc7-Ag|3«3 UCft^fCfBoTBaHSnT^ 
^tlT^So 

[0046] ^ut, mimtv> 3 ytitmm?v 

->a>tti: ©«^W5fi t Kit fc SW'N© 9 1 o S D 7 
0^'BjS)g[5 6 3fcajg?n, h-v-3 1 £D/^- 

[0047] **sfi^fcfev>Tfc, mmyv 
~auz ostf^ajffl7u-AW i o%, ^n^'nrgs 

Xtt^LftinXfCiUJgfSU S7-ASW3 1, 3 2 
«f8Pffl7U-A«2 0M'ISffl7U-A«l 0IC 

(C, iJ^7-f^y^7i>>X^4 0^ §7-Ag|5W3 

l. 3 2(c, ^tiznmmxtefrLiibhuTjckvw'on 

ttT^So $/c, X^-fF7v->X£5 Ofc, ffig|?ffl7 
U-A*f 1 Otc, Jffl»XttfrL»taIfcJ:9Sfc0tt«-T 

[0 0 4 8] ^^SaSJBIlEiJVTtt, h— >3V^ 
-6 1 taSBSnfeRl»«B56 3fcWLT=^7E4f*«1» 

MS. * e g|5ffl7U-A^2 0, J$g(5ffl7P-A«l OS. 
Cf F-^3 1 «SFO*aJff<0fi»f«f»f^l*^T 

±-rs^»-eis*, «*4Tf^st^* 6tsa<fT5o 
[0049] s /c, mmmm^o-zv-ya >a 
-6 l&^ntas^nfcBjKgpe 3 ws^nr^ 
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ifcifr&lc, ^©&7n^t£oT?*!M}7U-Atf 2 0T 
# 2 0 <Dm}<Dl±m* «fc 0 g£ L , = &7tfcfMfflWP 6 

[0 0 5 0] SSfc, *'Jiafc«»lC*V>Tfe, *7bhb 
£ttfcRS©#fil5Jf] ^ 3 Vtt 2 0 Ltzm.mc^ 

[0 0 5 1 ] ^flgJgjgfCfc^Ttt, >3> 

ffl * -y ~> a >tt £ OJ«IWi£ERtt fcfW\©3 1 o3S 0 

7 o ^sstt-^tTjc? if as j: o mm 

f Settle J: ±ISh-^3>/^-6 lott^i: 

[0 0 5 2] PiT^±«A-t^'ffSltttg»^«* 
AtfA-JlStt, ±iecDJ:5tc, a V*f*$ 

J#LT^S-y--fK7U-^fiP2 1 (fl5ttfcBL7l^-Ag|5 
2 1 a**&) 3B»rtfS!ina»LT?r»ffl*y'>3>#flD 

ssaaflST-rsfc, h->3^-6 \(om.7tti\z^^ 

T, 5lo5BO»»7 03V5lt3iSti, cnt«fc^ffl 

fcK<a5|IIts*l*t£i;, frfrSftfflfcfc^Tfc. Af* 
[0 0 5 3] 03tC«^t*^©®3©^S£jg 

^2©nssjgsifcifl«fc, ^*tws so flatten 

t^§„ bassos, h->3^-8 1i'jy^ 
§P8 2i;£WLT&^ IS'Jy^gP8 214, «J»gP8 3 

§c ^LT, ^©Rji]^8 3^\ *g|3ffl7U-i,tf 1 0 

[0054] ^mmmmic^xit, h-^a >/^-8 
1 1 ais^n/cBiKa? 8 3^, jsgra * >y -> 3 y#ot 

gPT7?&^ U±&S5ffl * <y -> a yyi t Hg|5Jl * -y */ a y 

$tt(omnmujKm^K^xsst^-^ 7 

~> 3 y/*- 8 1 £\ £ y a >ti<DffiBffiT7]tt 



#lRlfflft*fc h-^3^^-8 1 fC<fc»3ifiI16Sfe46-pfe 
t), RTSftSP8 3-\©/^-ttt±, U >^8 2^LT h 

[0 0 5 5] A^MItC&^T^ f?(Mlj7U 

-a^2 o&tf^si5jfj7u-AWi 0?-, ^n^'nmg 

XttfrLWWIfCj^J&SU S7-A;W3 1, 3 2 
#&HJ7U-A#2 0&tf&$JIJ7U-A#l OtC 
J* L TSftXtt*^ LfeiOIt J; D % 0 tftf T & § £ ±t 

1, 3 2iC, ZtlZtim&XlifrLibilQXkZmbtt 

U-Att 1 0E, ?SaXtt^L46inlt«tO^»)^T 

[0 0 5 6] gfc % ^§8 5a, BlPffl^yS/a^ttJC 

7U-AW 1 OOffifflflgport^KJE-n^nT^fC^ttT 
510 tBf <fc 5 KffML/c-tlofyi' a y^y KSitgp 

ffl^7->3yW(cig?nfcf>i'3yMyF8 6*^ 

[0 0 5 7] A^^^SgmitCfe^Tfc, Ky 3 ^ 
- 8 1 KMBSnfcnWIW 8 3 tc =t 9 H35?7E4ft3H*^ 
5.*§ffig|5ffl^ -y <>3^^ttWlCjjf?^5 C t ^ 

* >y s/ 3 ytf tisv^x, AfcoKflJftfiff 

H3g|58 3*W[^(cEB?nTV^/c46, >^ 
-8 lSt?CtlK»IB*tlfcnJftiS8 30!l7C*K«J: 
f , «g|5ffl7U-A*r 2 0©gfl5©f±^*«U, 

m ? -y 3 y»««a^tt(c £ o , Af*<DSfeii o *w 

^.5ci:^i-t5 0 Sfe, K^3^-8 1 cDnOTKigp 
8 3*M^fCfiHbTV^/ci6, AMpP, Wgpffljffi! 

[o o 5 8] s/cs mz<DmmmmtmmK. b-s/a 
y/^-8 itit), Rri&aJ8 3«<T^iRifc^»$n5«t 

ttlCtD, h-^>3 y^-8 1 cOS75^t«i/^>7^ 

•So ^©-7J, PifS^±©A^^«j*ttSiJ^li5*7]^ 

b-Ag[!2 1 (ff^ttttJL-7b-AgP2 1 a*^tr) 
ffiing® LTflfSPffl ^ y i/ 3 7ff OS^A^TtS ^ , 
>a>^-8 lOaTcAtioT, 5lo!Bt)ji|J^ 
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U, frfrSmiJfCfc-sTfc, Att©»Maig!)*»*5i: 
[0 0 5 9] CO^JBgJBtfe^Tfe, ®2<D 

zmzztfr'CZZ., tit, JBfflfls/HflPfcffitfcjRjg 
fSCfc S£fcAf*©J»te®9*Mi**«fig£ 

[0060] h 4 *mmm 4 <DmMBm**?m 

M[!ffl7U-Z4*2 0Rtfggg[5ffl71x-A# 1 

o£\ *n^n«f»xt4^u»4niicj:Djgiau &7 

-A8W3 1 , 3 2?-, W95ffl7U-A#2 0&tfSg|$ 

9ttttTV«i:#fc, 'J^7^->^7i>>X^4 0 
§7-AgW3 1, 3 2tC, ttl^nSfflfXtt^L 

[0 0 6 1] *IUBBIBK:*v^Ttt, /**#»9 0<DE 

Rtt«^±iES 2 3 (Dmfflmtmtt& B mm 

*fflf9 0&, l--->3 1 dcoh-i/ay 

7-A»9 4lHfcEllSftfcWfl«9 3 fc^LTftS 

[0062] sfc, qra&su9 3fc^*tt%fif-^-r5 h- 

■y ~> 3 ^ttO&Wfvf ifilc fctt 5?£7j 'NflO? I tj 3S 5 g|5# 7 

oh:, Rr»ffi9 3t«is«n*. 

[0 0 6 3] 3l^>3i9a5#7 OtfnJ»g[59 3 tJUgJtl 
5£H, ±fa^2&mg3cD^ffi^£[lI«tc, HgPffl 

ffie »gp^is fc A'* it t tsarc ft , 

[0 0 6 4] {lb, h-> 3 y^ 

-9 1 £n«9 3^ffg[5/l7b-A»2 OOTSWiS 



7 -y is a >ttWMt}*mtbZJjfa'\<Dm&<Dti:y5ff£ *) 
S£ U #aWH J"^>a y#OMat.f ttfc J: § Af*©St 

[0 0 6 5] g;fc, ^M^Cfc^Tfi, I — ">3 > 
A- 9 10fi»ffiROT*k:pr»a|J9 3*ffi|H«*T* 

5, h->3>*-9 nc «t -3 t piaasp 9 3 m%n\m 

KffrS&UTVSo CtDfcib, ffifc}^<Dffi'<m.ffiffi>Pffi 

mjitmrntis ctic&<o, mm\ tv^a y^m 

m t-yfa ymt J: o T AttfcBfcfcigf ;fra<ffi«>T/h 
Sfc, Af*ATOt©Ki1-sci:KJ;0, ttffiffl 
^r>3 >W£ 6 fc^fef § t v nJ»gP 9 3 #S 6 
lt^"t[HlfE^»)LTS-i/3y/<;-9 lCD^^jtcj;!? 

■T«Cfc*^*, Af*fcin<5S«*^«c5-a:5«|^ 

[0 0 6 6] ±feLtcm2, ^3Rt;S4 04m 

7U-A^2 0©it-T 1 , 2 1 OTSPM 

3aPe I ](CTg|57U-AgR2 2*E»LTV>*. ffi^T, ± 

£s i (Drnmnrnt mmic^ x%%mim&mufr r> tz 

mat, AjJP2 2t±^Tfe'9--rK7U 

-Ag[52 1, 2 l«T3P#5fiO*^ffloTSfl5t«Ci: 

S#tt^r J: 5 EtS (c ft ffl $ ^ 5 c t ^-p f § Jgjg ^ ft 
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(54) SEAT 
(57)Abstract: 

PURPOSE: To correctly reduce fatigue of crew by detecting 
fatigue of the crew, driving to suitably change the surface form of a 
seat according to the detected result, and weighting the detected 
fatigue according to movement of the body of crew and running 
condition of a vehicle. 

CONSTITUTION: A seat S is composed of a seat cushion and a 
seat back, and the seat surface form is constituted to be 
changeable. In this case, a means PO is driven to change the form 
of seat surface. Fatigue of crew is detected by a means CFB. The 
means PO is controlled by a means CON according to the detected 
fatigue of the crew. The means CFB is constituted as follows. 
Namely, movement of a body accompanied with variation of seating 
posture of the crew is detected by a means CMB. Further, overall 
running condition containing the running condition of a vehicle and 

the operating condition of the crew is detected by a means CEB. Furthermore, weighting of fatigue is 
performed by a means CFR according to the detected body movement of the crew and the overall running 
condition. 
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[57] ABSTRACT 
A seat comprises a plurality of air mats arranged inside 
a seat cushion and a seat back. The contour of each of 
the air mats is automatically varied by a pump and a 
valve. The fatigue level of a seat occupant is calculated 
based on a fatigue-indicative parameter weighted in 
accordance with the running state of a vehicle and the 
working state of accessories and control gear. The 
pump and the valves are operated to vary the contour 
of the air mats when the fatigue level becomes greater 
than a predetermined value. 

14 Claims, 7 Drawing Sheets 
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AUTOMATIC ADJUSTABLE SEAT BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic view illustrating a first 
BACKGROUND OF THE INVENTION preferred embodiment of a seat for a vehicle according 

The present invention relates to a seat which includes 5 4 ° Represent ir-—* : ~ 



a plurality of portions which can be varied with respect c FIG- 20 is a flowchart showing the operation of the 

to form and hardness. preferred embodiment shown in FIG. 1; 

Various kinds of seats for a motor vehicle of this type F1G : 2b h another flowchart of the operation of the 

have been proposed in past years. One such seat is dis- ln em ^™ e ? t o{ , * . 

closed, in JP 61-257333. This seat has a side support ^ 3 IS a j£ le sh ° wln g an example of weighting 

portion, a center support portion , and a front support * B ^*£2f? ai $ dnvm g P^rns; 

contour of the seat. This variation in contour of the seat level. p g e 
results in a periodic change in the posture of a seat 
occupant, decreasing the fatigue of the seat occupant 2 
during driving. 

With such a known seat for a motor vehicle, how- Referring to the accompanying drawings, preferred 

ever, since each of the support members is controlled embodiments of a seat for a vehicle according to the 

only in a periodic manner, i.e., to vary with a predeter- present invention will be described, 

mined period of time set by the timer, the contour of the 25 Referring to FIG. 1, a seat S for a motor vehicle 

seat may be varied even when the seat occupant is not includes a seat cushion 3 and a seat back 5. The seat 

fatigued, causing the seat occupant discomfort. cushion 3 includes cushion side support portions 7 and 9 

Referring to FIG. fi, it can be seen that there is a on both side thereof, whereas the seat back S includes 

correlation between the frequency of posture changing back side support portions 11 and 13 on both sides 

motion, i.e., the frequency of physical movement of the 30 thereof. 

seat occupant and the fatigue level oftheoccupant.lt is Inside the seat cushion 3 are arranged, as support 
also understood from FIG. 6 that the higher the fre- means, a buttock support air mat 15 and a thigh support 
quency of the posture changing motion, the higher the air mat 17 for supporting the seat occupant's buttocks 
fatigue level. and thi S h > respectively, whereas inside the seat back 5 is 
Further, it is revealed that a body of the seat occu- 35 ""ranged, as support means, a lumbar support air mat 19 
pant shows different vital reactions in accordance with for supporting the seat occupant's lumbar. Additionally, 
the fatigue level of the seat occupant. msldc the cushion side support portions 7 and 9 are 
arranged, as support means cushion side support air 
SUMMARY OF THE INVENTION mats 21 and 23 for supporting the sides at the seat occu- 
lt is, therefore, an object of the present invention to 40 P. ant ' s le S s ' whereu inside the back side support por- 
provide a seat having a variable contour which contrib- U °™ 11 and 13 m arranged, as support means, back 
utes to a decrease in the fatigue of a seat occupant with- side support air mats 25 and 27 for supporting the sides 
out causing discomfort of the seat occupant's arms. 

A seat for a vehicle according to the present inven- M ^ ° f th * ^ ma * }*•■ »• 23,25, and 27 is 

tion includes a seat cushion and a seat back with a sup- 45 with a conduit 31 which branches ofTfrom a 

port disposed within the seat cushion or seat back. An * IS , charge P° rt ° f a . condu ' t 31 Ranches 

actuator is operatively connected to the support. A ^ PO^ons each being provided with a valve 

r a • + j . * r r., f 33. The conduit 31, the pump 29, and the valves 33 are 

fatigue detecting means detects fatigue of the seat oc- e , emenU of m P 

cumpant and generates a fatigue indicative signd. A x ^ cmT of ^ 

taaftl-.^^^.jy^^afth. ^A*M^52ittss: 

seat occupant based on the we.ghted fat.gue indicative ^ ant to maintain „ ^ e e 

signal. The actuator is then controlled so as to vary the 55 ^ s at my time dunn dliv * *~ 

support in response to the calculated fatigue level. It is to be noted that the support means may be of the 

A seat control method for a vehicle seat according to electromagnetic type and/or the vibrator type in place 

the present invention comprises detecting a running of the afonnentioned air mat type, 

state of a vehicle and detecting a working state of acces- On a seat belt 35 is arranged, as body displacement 

sories and control gear of the vehicle. A variable indica- 60 detecting means for detecting a physical displacement 

tive of fatigue of the seat occupant is detetected and a Q f a seat occupant induced by a change in his posture on 

variable indicative signal indicative is weighted in ac- the seat S, an acceleration sensor 37 which provides 

cordance with the running state of the vehicle and the information, via an integral circuit 39, to a microcom- 

working state of the accessories and control gear, and a puter 41 as control means. 

fatigue level is calculated based on the weighted signal. 65 The acceleration sensor 37, and the integral circuit 39 

An actuator of the seat is then controlled so as to vary are arranged for determining a displacement of the seat 

a support of the seat in accordance with the fatigue belt 35 due to physical displacement of the seat occu- 

level. pant. 
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It ■ to be noted that a pressure sensor to be arranged In step S3, the value detected by the acceleration 
inside the seat S, and a television camera may serve as sensor 37 is converted into a displacement X„ of the seat 
the body displacement detecting means. In the former belt 35 by the integral circuit 39 then read by the mi- 
case, the physical displacement of the seat occupant is crocomputer 41. The values detected by the vehicle 
determined by the output of the pressure sensor, 5 speed sensor 43, back/forth acceleration sensor 45, and 
whereas m the latter case, the physical displacement is lateral acceleration sensor 47, and the accessories/con- 
detected based on an image picked up by the camera. trol gear sensor 49 are also read by the microcomputer 

The microcomputer 14 receives information from a 41. 
vehicle speed sensor 43, a longitudinal acceleration In step S4, it is determined whether or not the dis- 
sensor 45 and a lateral acceleration sensor 47 for detect- >° Placement S« of the seat belt 35 is greater than a prede- 
ing a running state of the vehicle, and a accessories/- termined value X. The seat belt 35 is pulled out when 
controlling gear sensor 49 for detecting the working the seat occupant moves his arm forward, for example, 
state of a plurality of accessories such as a glove com- Accordingly, it is possible to determine that the seat 
partment, an air-conditioner, etc., and a controlling gear occupant has moved when a change in the seat belt 
including a steering wheel, an emergency flasher, etc. 15 4' s P laMm PntX»is greater than the predetermined value 
These sensors function as running state detecting X. In that manner, the fatigue level F can be evaluated 
means. by a movement of the occupant's arm. If the answer to 

The microcomputer 41 includes a memory which the inquiry in step S4 is YES, the routine proceeds to 
stores a predetermined value of teh seat belt displace- stc P S5 where the weighted fatigue level F is calculated, 
ment amount detected when the occupant sits on the 20 IN ste P S6 > il is determined whether or not this calcu- 
seat S and attaches the seat belt 35, and it determines the !ated value of f «tigue level F is greater than the afore- 
physical displacement of the seat occupant by compar- mentioned predetermined value F. Referring to FIG. 
ing the valve detected by the acceleration sensor 37 1,16 calculated fatigue level F exceeds the prede- 

with this predetermined value. termined value F, it is determined that the seat occupant 

The microcomputer 41 includes a weighting opera- 25 has become highly fatigued, and the routine proceeds to 
tion portion 51 which comprises a weighting means ste ,P J' ■ , „ . 

which is an element of a fatigue detecting means. The ""erring also to FIG. 4a, m step S7, the micorcom- 
fatigue detecting means determines that the seat occu- P . Uter 41 , out P ut! 'triggering signal to repeatedly perform 
pant has moved when the value detected by the acceler- ,„ SUpply md dlschar 8 e within, for example, the lun- 
ation sensor 37 is greater than the aforementioned pre- 30 """PP 0 " mal »? 8 predetermined number of times, 
determined value, and weights the fatigue of the seat ™^J£HrT , <? ntract,on of * e lumbar 
occupant based on a determination whether the physi- SJ.taTSL? t'^u ™ \ !? eated manner ' 
cal displacement ofthe seat occupant is due to fatigue or T^LZ^T^ V g "rv ^ T ^"T 
to other factors such as vehicle behavior. The deTcrmi- 35 ^" d V r t fohlt ?^ ^tivation of his spinal column. In 
nation is based on information from the vehicle speed 35 ° rder )° ° btam s ^ results, he lumbar support por- 

placement of the seat occupant. If ^ determines that the value of ^ fati , evcl F fai] P to Hcecd 4™*™ 
seat occupant has moved when the value sensed by ^ va]ue F> ^ routine ds s preaeter 

acceleration sensor 37 b greater than the aforemen- 45 In step S9> if the ^ is QN is 

boned predetermined value, it increments the counter n^g^ may cvcn if it is at ' a ^Stif « 

53 by one. It also includes a timer 55 for establishing a that time> w th ' e rout 4 returns to the £ 
predeteminedr^nodoftime continuously execute control. On the other hand, if the 

When a value obtained by simply counting the fatigue ignition switch if OFF> thc routine ' ™ 

level F reaches a predetermined value For when it 50 As described above, since the contour ofthe seat S is 
reaches the predetermined value F withw the predeter- varied in response to thc fatigue level F which is di- 
mmed period of time set by the timer 55, the microcom- rec tly detected, a decrease in fatigue of the seat occu- 
puter 41 outputs signals to control one of the valves 33, pant * vntbovi discomfort, 

thus adjusting air pressure within, for example, the lum- It is t0 ^ noted ^ m st S5 weightin . of the 
ba, r support air mat 19 55 fatigue level F b performed to determine whether the 

Referring to FIGS. 2a and lb, the operation of a first physical movement of the seat occupant is due to fa- 
preferred embodiment will be described. The opera- tigue or other factors. Referring to FIG. 3, in this em- 
tions illustrated in these figures start as soon as the occu- bodiment, the driving pattern is subdivided into patterns 
pant, who sits on the seat S and attaches the seat belt 35, A-N in accordance with the correlation between the 
turns on the ignition switch, and are repeatedly exe- 60 running stole ofthe vehicle and the working state ofthe 
cuted at predetermined intervals of time. accessories and control gear, each pattern having a 

Referring to FIG. 2a, a main routine will be de- corresponding weighting coefficient k. By way of ex- 
scribed, ample; in pattern A, no accessory or control gear is 

In step SI, the acceleration sensor 37 is turned on. actuated, and the vehicle travels at high speed with low 
Simultaneously, in step S2, the vehicle speed sensor 43, 65 back/forth acceleration G/> and low lateral acceleration 
back/forth acceleration sensor 45, and lateral accelera- G*. In that event, since driving continues monoto- 
tion sensor 47, and the accessories/control gear sensor nously, it is determined that most of the physical move- 
49 are turned on. ment of the seat occupant results from fatigue, so the 
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weight coefficient k is set to 2.0. On the other hand, in from step S20 to step S22 where it is determined that 
each of patterns H-N, since the occupant moves to driving takes place in pattern D. 
actuate one of the accessories or control gear, it is deter- In step S23, a value of the weighting coefficient k is 
mined that, in most cases, the physical movement of the established for each of the patterns A-N which is deter- 
seat occupant does not result from fatigue, so the 5 mined in step S5 or S10. By way of example the 
weighting coefficient k is set to 0. 1 . In this manner, the weighting coefficient k is set to 2.0 for pattern A and to 
weighting coefficient k is variable from 2.0 to 0.1 in 1.5 for pattern B. Then, in step S24, the value of the 
accordance with patterns A-N as indicated in FIG. 3. fatigue level F is calculated using the weighting coeffi- 
Referring to FIG. 2b, a subroutine will be described. cient k. In this embodiment, calculatin of the fatigue 
In a step S10, it is determined whether or not detec- '0 level F is performed based on the following expression: 
tion signal is inputted from the accessories/control gear 
sensor 49, i.e., whether the sensor 49 is turned on. If F =* **>. 
there is a detection signal, the subroutine proceeds to 

step 11 where it is determined that driving takes place in As described abvove, since the fatigue level F of the 
one of patterns H-N. On the other hand, if there is no 15 se&t occupant is calculated after weighting the fatigue 
detection signal, the subroutine proceeds from step S10 bv taking into account conditions related to the occur- 
to step S12. rences of physical displacement, a more precise value of 

In step S12, it is determined whether or not the value the fati « ue level F » obtained. 
G P of back/forth acceleration detected by the back/- II » t0 noted that good results can be obtained 
forth acceleration sensor 45 and the vaule Gr of the 20 even tf weighting is performed on only a portion of 
lateral acceleration cetected by the lateral acceleration pa ^^ s A-N - 

sensor 47 are greater than predetermined values G p and Reffenng to FIG. 5, the operation of a second pre- 
Gr, respectively. If G p is greater than the predeter- ferred embodiment will be described, 
mined value G/>or G* is greater than the predetermined In embodiment, steps S101-S109 correspond to 
value G n it is determined that driving takes place in one 25 ? teps S1 " S9 of tne flrst Preferred embodiment as shown 
of patterns F and G. " ' m F1G - ^ and steps S125-S130 are newly added 

In step S12,ifG p is equal to or smaller than the pede- ther eta 
termined value G P or Gr is equal to or smaller than the . In " ep SUS ' the . counter 53 arranged for detecting 
predetermined value Gr, the subroutine proceeds to „ fre 9 ue . nc y n ° f Physical displacement of the seat 
step S14 where it is determined whether or not the 30 » turn f on ' subsequent step S126, if the 

value V of the vehicle speed detected by the vehicle, C °" nt number I s ' e, , e - 'L™™^ has J ust startcd - the 
speed sensor 43 is greatefthan a predetennined upper T^^f^" * ^ m,c , rocom P uter 

limit V H (80 km/h, fore example), L whether the vehi- 121^7^ T^T^ T^ 55 ' 
cle is travelling at a high speed. If the detection value V Jf^L nf f ,' " ^ f l f °^ 
is greater than the predetennined value V„, i.e., if the 35 Sd lvalue F ^fh gU ' "^f Xhc 

vehicle travels at high speed, the subroutine proceeds to Tt * il dete^^h t ^ ° f tunc 

i ,s determined that the driWng ^ w*£^£^mz£z 

%nstep P S14,ifVise q ua,toorsmaller r 

imit Wl (30 km/h, for example , u the vehicle travel- 45 As described above> ^ ss stam f 

hng at medium speed. If V> V t , i.e.. if the veh.cle tion from when the ^ ^ fee , s fatiguedi U n ° 

travels at medium speed, the subroutme proceeds to on]v the fatigue detectin accurac is ^ £ bu ' t the 
step S17 where it is determined that the driving takes timer 55 is free from ne * dless 0 p/ ratio / 
place m pattern B. In each of the aforementioned embodiments, as 

In step S16, if V is equal to or smaller than the prede- jo shown in FIGS. 4a and 4*, the calculated value of the 
termined lower limit V L , i.e., if the vehicle fails to travel fatigue level F is a sum I k S, which is obtained by 
at medium speed, the subroutine proceeds to step S18 sunp iy, summing k X„, which is the product of the 
where it is determined whether or not V is between the weighting coefficient k and the displacement amount 
predetermined lower limit V^ and zero, i.e., if the vehi- x m and when the sum £ k X„ exceeds the predeter- 
cle travelling at low speed. If V L > V>0, i.e., the vehi- 55 mined value F, the microcomputer 41 outputs a trieeer- 
cle travels at low speed, the subroutine proceeds to step mg sjgnaJ t0 start the lumbar air mat 19, for example 
S19 where it is determined that the driving takes place Alternatively, as shown in FIG. Ac, the calculated value 
in pattern C. of the fatigue level F may be an average which is ob- 

In step S18, if V is equal to zero, i.e., if the vehicle is tained by dividing the sum 2 k X„ by the frequency n of 
at standstill, the subroutine proceeds to step S20 where 60 physical displacement. When this average exceeds the 
it is determined whether emergency flasher is turned on predetermined level F within the predetermined period 
or not. In the event emergency flasher is ON, there is a of time AT (delta T), the microcomputer 41 may output 
high probability that the seat occupant moved for rea- a triggering signal to start the air mat 19. 
sons of safety. Thus the subroutine proceeds to step S21 Further, in each of the aforementioned embodiments 
where it is determined that driving takes place in pat- 65 the case is described in which the lumbar support air 
tem E. On the other hand, in the event the emergency mat 19 is operated to decrease the fatigue of the seat 
flasher is OFF state, the seat occupant will seldom have occupant. Alternatively, air mats in other portions of 
moved for resons of safety, so the subroutine proceeds the seat S such as in a seat side portion, a buttock sup- 



port portion, or a thigh support portion may be oper- 
ated in a similar manner. 

Furthermore, in each of the aforementioned embodi- 
ments, the control of variation of the seat contour starts 
as soon as the ignition switch is turned on. Alterna- 5 
tively, since the physical movement of the seat occu- 
pant is relatively frequent during a certain period of 
time just after th start of driving, and during this period 
physical movement has no immediate relation to fa- 
tigue, control may start after a lapse of a predetermined 10 
period of time from the start of driving, i.e. from a 
predetermined period of time after the ignition is turned 
on or the seat occupant sits down.. 

It is to be noted that the seat S of the present inven- 
tion is not limited to the motor vehicle, but is also appli- 15 
cable to other vehicles. 

What is claimed is: 

1. A seat for a seat occupant in a vehicle comprising: 
a seat cushion; 

a seat back extending from said seat cushion; 20 
a support disposed within said seat cushion or said 
seat back; 

an actuator operatively connected to said supports; 
means for detecting fatigue of the seat occupant and 

generating a fatigue indicative signal indicative of 25 

said detected fatigue; 
means for detecting a driving condition of the vehicle 

and generating a driving condition indicative signal 

indicative of said driving condition; and 
a microcomputer-based control unit operatively con- 30 

nected to said actuator and comprising: 
means for weighting said fatigue indicative signal in 

accordance with said driving condition indicative 

signal; 

means for calculating a fatigue level of the seat occu- 35 
pant based on the weighted fatigue indicative sig- 
nal and generating a fatigue level indicative signal 
indicative of said calculated fatigue level; and 

means for controlling said actuator to cause said sup- 
port to vary in response to said fatigue level indica- 40 
tive signal. 

2. A seat as claimed in claim 1 wherein said support 



9. A seat as claimed in claim 1 wherein said fatigue 
detecting means comprises an acceleration sensor dis- 
posed so as to sense movement of the occupant's body. 

10. A seat as claimed in claim 1, wherein said driving 
condition detecting means comprises a vehicle speed 
sensor, a longitudinal acceleration sensor, a lateral ac- 
celeration sensor, and an accessories/control gear sen- 
sor. 

11. A seat as claimed in claim 1 wherein said control 
unit includes a timer and a counter. 

12. A seat for a seat occupant in a vehicle, the vehicle 
including a plurality of accessories and a control gear, 
comprising: 

a seat cushion; 

a seat back extending from said seat cushion; 
a support disposed within said seat cushion or said 
seat back; 



3. A seat as claimed in claim 1, wherein said support 
comprises a lumbar support so constructed and ar- 45 
ranged in said seat back as to support the occupant's 
lumbar. 

4. A seat as claimed in claim 1, wherein said support 
comprises a buttock support so constructed and ar- 
ranged in said seat cushion as to support the occupant's 50 
buttocks. 

5. A seat as claimed in claim 1, wherein said support 
comprises a thigh support so constructed and arranged 
in said seat cushion as to support the occupant's thigh. 

6. A seat as claimed in claim 1, wherein said support 55 
comprises cushion side supports so constructed and 
arranged in said seat cushion as to support a leg of the 



/ connected to said support; 
first sensor means for detecting a running state of the 
vehicle and generating a running state indicative 
signal indicative of said running state; 
second sensor means for detecting a working state of 
the plurality of accessories and the control gear, 
and generating a working state indicative signal 
indicative of said working state; 
means for dectecting a predetermined variable indica- 
tive of fatigue of the seat occupant and generating 
■ a predetermined variable indicative signal indica- 
tive of said predetermined variable; and 
a microcomputer-based control unit operatively con- 
nected to said actuator, said first and second sensor 
means, and said predetermined variable detecting 

said control unit comprising: 

means for weighting said predetermined variable 
indicative signal in accordance with said running 
state indicative signal and said working state indic- 
ative signal and generating a weighting indicative 
signal indicative of said weighted predetermined 
variable indicative signal; 

means for calculating a fatigue level of the scat occu- 
pant based on said weighting indicative signal and 
generating a fatigue level indicative signal indica- 
tive of said calculated fatigue level; and 

means for controlling said actuator in such a manner 
as to cause said support to vary in response to said 
fatigue level indicative signal. 

13. A seat for a vehicle, the vehicle including a plural- 
ity of accessories and a control gear, : - : — 



7. A seat as claimed in claim 1, wherein said support 
comprises a back side support so constructed and ar- 60 
ranged in said seat back as to support an arm of the 



8. A seat as claimed in claim 1 wherein said actuator 
includes a pump, conduit means for establishing fluid 
communication between said pump and said support, 65 
and valve means disposed in said conduit means for 
controlling supply of air to and discharge of air from 
said support. 



a seat back extending from said seat cushion; 

a seat belt system operatively associated with said 
seat cushion and said seat back to secure the seat 
occupant with respect to said seat cushion and said 
seat back; 

a support disposed within said seat cushion or said 
seat back; 

an actuator operatively connected to said support; 

first sensor means for detecting a running state of the 
vehicle and generating a running state indicative 
signal indicative of said running state; 

second sensor means for detecting a working state of 
the plurality of accessories and the control gear 
and generating a working state indicative signal 
indicative of said working state; displacement de- 
tecting means for detecting a displacement of a 
portion of the seat belt system and generating a seat 
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belt displacement indicative of said displacement; 

a microcomputer-based control unit operatively con- 
nected to said actuator, said first and second sensor 
means, and said displacement detecting means, 5 

said control unit comprising: 

means for weighting said seat belt displacement indic- 
ative signal in accordance with said running state 
indicative signal and said working state indicative jo 
signal and generating a weighting indicative signal 
indicative of said weighted seat belt displacement 
indicative signal; 

means for calculating a fatigue level of the seat occu- 
pant based on said weighting indicative signal and 15 
generating a fatigue level indicative signal indica- 
tive of said calculated fatigue level; and 

means for controlling said actuator in such a manner 
as to cause said support to vary in response to said 20 
fatigue level indicative signal. 

14. A method of controlling an actuator operatively 
connected to a support within a seat for a seat occupant 
in a vehicle, the vehicle including a plurality of accesso- 
ries and a control gear, the method comprising: 25 



10 



detecting a running state of the vehicle and generat- 
ing a running state indicative signal indicative of 
said running state; 

detecting a working state of the plurality of accesso- 
ries and the control gear and generating a working 
state indicative signal indicative of said working 

detecting a predetermined variable indicative of fa- 
tigue of the seat occupant and generating a prede- 
termined variable indicative signal indicative of 
said predetermined variable; 

weighting said predetermined variable indicative 
signal in accordance with said running state indica- 
tive signal and said working state indicative signal 
and generating a weighting indicative signal indica- 
tive of said weighted predetermined variable indic- 
ative signal; 

calculating a fatigue level of the seat occupant based 
on said weighting indicative signal and generating 
a fatigue level indicative signal indicative of said 
calculated fatigue level; and 

controlling said actuator in such a manner as to cause 
said support to vary in response to said fatigue level 
indicative signal. 
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(54) SUSPENSION DEVICE OF SEAT FOR VEHICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To lift a seat in a manner 
wherein vertical vibration of a vehicle is absorbed in a 
condition highly holding an awakening degree, by 
making a control device have a function repeatedly 
lifting the seat by driving an actuator in the case of 
detecting a decrease of the awakening degree by an 
awakening degree detection means. 
SOLUTION: In an active seat suspension, a seat 3 is 
supported in a prescribed condition by an air spring 6, 
an electric motor 8 is driven in accordance with vertical 
vibration of a car body detected by a vertical G sensor 
12, the seat 3 is vertically moved in a condition 

absorbing the vertical vibration of the car body, and it is absorbed. In drive control of the 
electric motor 8, in addition to an output of the vertical G sensor 12, based on an output of a 
stroke sensor 9, rotational speed sensor 10, air pressure sensor 7 and a car speed sensor 
and information of an awakening degree detection means, optimum control is performed in 




accordance with a running condition of a vehicle and a condition of a driver. 
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(54) DOZE PREVENTER FOR VEHICLE 

(57)Abstract: 

PURPOSE: To awaken a driver effectively without 
giving an unpleasant feeling to the driver, in a car doze 
preventer for keeping off a doze by way of vibrating a 
driver's seat. 

CONSTITUTION: A fact that whether a driver dozes off 
at the wheel or not is judged by a heart beat sensor 
100, a waveform processing circuit 102 and a judger 
104, and when his doze is detected, a vibration unit 108 
built in a driver's seat 1 is vibrated by a driving circuit 
106. At this time, vibro-frequency is set to 40Hz or 50Hz 
and amplitude to 0.5mm or 1.0mm, respectively, 
whereby a body resonance point is shifted to some 
extent, thus the driver is awakened. 
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(54) VIBRATING SEAT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To remove the feel of 
foreign substance when a vibrating unit is set at a 
storage position. 

SOLUTION: A vibrating seat is provided with a vibrating 
unit 10 for applying vibrations to a person who sits on 
the seat, a torsion bar 12 for moving the vibrating unit 17 
10 between a forward protruded operating position and 12 
the backward pulled storage position, and a means 14 16 ' 
for operating the torsion bar so as to set the vibrating 
unit 10 at the operating position or the storage position. 
Then, the torsion bar 12 is formed so as to be moved 10 
back and forth while being released from the strict of the 
operating means 14 when the vibrating unit 10 is set at the storage position 
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(54) SEAT CUSHION DEVICE 

(57)Abstract: 

PURPOSE: To obtain a seat cushion device to be 
regulated to required hardness according to the linking 
of users, the using environment such as a road 
condition. 

CONSTITUTION: A seat cushion device is formed by 
supporting a sitting seat cushion pad 10 with a cushion 
frame 40 to be supported on a floor surface via a 
bearing mechanism 50, and is provided with a 
cloth-shaped elastic member 20 to be erected with both 
the end sections to be supported with the cushion frame 
40 and to be brought in close contact with the lower 
surface of the cushion pad 10, and a tensile force 

varying mechanism 30 for varying a tensile force to be applied to the elastic member 20, and 
is contrived to regulate the compression degree (hardness or resisting pressure) of the 
cushion pad 10 by regulating pressure to be applied to the cushion pad 10 from the elastic 
member 20 by regulating the tensile force. 
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(54) POSTURE CONTROL DEVICE FOR ONBOARD SEATING 

(57)Abstract: 

PURPOSE: To aim at alleviating the driver's fatigue by 
continuously measuring the time of detection of seating with 
the use of a seating detecting means, and by enabling the 
posture of an onboard seat to be automatically adjusted in 
accordance with the measured time so as to automatically 
adjust the seating attitude of the driver if the drive is made for a 
long time. 

CONSTITUTION: In the case of application to the driver's seat 
in which a lumber support member as a posture adjusting 
mechanism is incorporated in the seat back, the lumber 
support member may be longitudinally moved by an electric 
motor MT which is driven under control by a CPU. This CPU 

receives an output signal from a passenger detecting unit 50 which is connected with a passenger's 
sensor SEN for detecting the seating of the passenger, and accordingly continuously measures the 
time of detection of the seating. Further, the motor MT is energized in accordance with the 
measured time so as to automatically displace the lumber support to a position previously stored in 
memory. Thereby the supporting force of the waist part of the drive is changed, thereby it is 



possible to aim at alleviating the driver's fatigue. 
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s a y ? s b i © Assffiifi ft ^-r . ss 2 a * 

fit. '/-hMyi-SB l(57l'-A8±»(: 
*»Kl/*KSHl#E«S*.TiS»J. » 7 U - 

ssRJiSBJhtS'J. 7V-in1>*S ( * 

SJ«SLB*«ffin3JT.T^4. 

♦ YH^-KHfiSSLStfSSRtt, I>'K 

an4ffljatCfco"CV^4. * fc . 5 V - * * - 
h 9! « S I* B It . MTlCio-CSiia^ 
ln)»:W!«|Sn4«iS»Cfc^XV>4. 7 !« 
- hSttS L B 4tt-7>^-t*- hffi* 1 0 
<0A«cWfcffla&JB3 » B , «K3 b@S.U'SB3 c 

m3 a a . S3 bast/83 b a » . -en-en. 
7i/^--y^-hMff!i o ie eg 0 > Tiaiaay 
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ftffl¥ 1-44355 



S L 8 It. «KITfi*lf!fflS»t»:t*r>T. St* 

'<-ti!-htI«SLBlt, -tOWffifl^itaST 
h-flVX^VV?! I8-III 1 a 2: IS & L 

h - {/ a v * -f >] 1/ 9 1 ltt. * ft » 1 2 » fl-fl 
tfSgftttiffi 1 3 fctt^SlvT ft 'J , KSHtittt 1 

1 3&^>U-Ch-^»V7.^'JV^ffl<t«itl 1 k 
1 » * #S » 1 2®95^S:4''C-tLTI^H-*lSJXI* 

£B**t#iSn:i=i*)b, -tfiicfcoT^v /<--*;« 

-bSttSLBIt, *SlARl^lRlXtt**itS 
2/ - ;K - S«J«S LBtffcKAR I ft IC 



!.!Haa3 64-44355 (3) 

IC tf 3 ft . K7-fAfflJ!» SE *> 5 . 5^ 
y< - * # - h SS # S LBtffcBlAR 1 t S *f Ti 15) 

IC i\y & < 4 y K 9 -f /< C5 55 9> 31' £ *> 4 . ? >A- 

t: a K so a ft . ejstecT. ^n?ARi*ini 
k » to l- . «»s»jjiasi,rK?^/<fflS» 

Z0>&Vlt, 7^'(-t*-h9l*}SLBi!lfilI 
R*KMt. aa+4v-iT/t/X^-y? {SW 
F , SWR) eSfflCltUtViiTfl/eEilt* 

no » t . k 5 •< * <*> a * i* tit i- m c jt a »j a h & 
**>*v4. * . ? v/<-*« - m 

tn-enaa-ri'jivhA-f;-? (lsr 

Xt/LSF) S'SHLtfei. S . fit St. * - * 
■**aJ3S-*-4n-it>J-XV3-^ (ENl> # 

rtaaftrna. 



K E ® 18 ft 0 W! affi sB «: 3* f . Slii»l»tJ 
i: . COKE li 14. ^•-Cfnnve'a-SCPU 

-t £ >; . |CPi'9i/o*-n:.'j( 

fl«JiJi= 7 h 5 0 , ^Yvf-SWF, SWR, 
LSF, LSR. SWM, K?-f '< 6 0 *Od - 

X-f SWFtt. ^Wi-^rf-f-SSttSLB 
fc W 18 (55EPARl*lS!tC»S(l) S * * fe it) CO 7 
: i 74/X-f-;fTS !). SWRtt. S«S LB 

ffl7li7*J-f);fT8{, * , LSFStf 

LSRtt. tJifh. 7y^-it#- hStas L 
Bi-^igKfffiittavajaiiKWttHSRas-r-s. 

X-(»f SWMtt. 5y<-*lK- h SS# S L B 
r * 5 . 



RL2»J«tt«StvTt;»J. 'Jlz-RLlO^Wv 
J-RS litf'Jl'-XLZBX^vf R52C. 
fl«i-JMTtf»RShT^4. >J U - R I. 1 . 

*ffl»fDl»*Jh4fc*. ttK* - * M T ttjfi 

#c/>«^k fa #*ft. MTiisssn 

i*it^risitcEUEr4. c » « •& . 5 - 

h»#SlB»«itS. «t. 'JI/-RLI* 
*HRL2#*Vt4t. fltSH:-i<MT<7Hl!l 
K ft fl>oTmiftA'>»ft. 

7 V A - If # - h S « S LDItftiat 4. 

tt» a ft ■& . ?^SD3vei-»cpuc(n» 

t 418E Vccll, 3«f Ural'-SPSCJ:, 
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?*'<->-b±V0)»8. IF 9 4 A) ffl # & ffl *f 

SENIi, S4@cst±ic;. K 5 -< f - I- 
ST 1 <?)•>- h 9 v 'S 3 VSG 1 K fi? * t ft ft « 
iUaSEL 1 tJV-7ROOF*7n7Flor # 

tfffliSJSEL l *3 2 <B HI $ & , 38 6 a a, as 6 b 

aatfjBG c 31 k& m~ so? . r^aiaffis:*! 

»t BE 12 A * . if - h S T 1 It. J/ - h O » J' a 
VSC1, >-M»JSBl«j!tfA»|!|/X 

i> s h i i ij <f y , *a®s»«iQKia>.Mi*4 

>U 7 * - Ais - h ? * 4 . 
S8«St:atti'-K»sr!/jySClJ)VIB 
- VI B »«SS H . t4t%K7^/<MANO*I 



Biaea 64-44355 (4) 
-T. :BS!6 bBISStii, J/ - h 9 v >> a 
V S C 1 it . 8t JI8 H » A -j K -9- a? - h 2 3 0 Jb C 

ti'JBK. BMJAi'<-7>t>? l J 2 1 0 
(0 99 « 3S i .> < K *. # - K 2 3 0 K 51 * it » U . 
* ft . 9t+fci/-hi»yJ/aV/<yK 2 2 0OH 
iS?L 2 2 1 2 2 25ftj>bTffliJ«KJ; 'J 

f-h?y{/a^><-/K 2 3 0 (08«T3lill:"!l 
b ft . fl*ifiC*oTH4. fct&IStSELltth 

■ a«IBLI8iJ-K»2 I 3lt. K il ?l 2 2 
!H)HtT!/-|>J»!/iy^» K 2 2 0 « « 
« C « * A T . ;<?K*#-h2 3 OlKHBa 
*vfe««ffiOSC ( <7> * * IS 7- > K » tt 3 ft. 4 
(AS 6 a H#JS> . 

^■'J 1 0ffl«Si46i:»b<a6 cHKSt. 
86cBt:«t'r. 2 III* as. 2 I llth'J 
A i) X - 7 v * U 7 <J Q&ttfS & MUt & *X * 



i-'V-HJt^fO^. 2 Mttlf-tyf 
T-^ttA L fe»tatt»?rT*R)l3 ft. h'tA*>< 

-r»t!/*';2ioe»l»i:, 7 7= ■< > * 2 

1 2t9?0?3l'<-2 1 4 i: 05 IB! U t*& * ft 
■CH««a«S*v4. i «> * * S 14 * £ 8 * * * 

ciHjtt L . «B$i/;JC:/«C»«l/TV-Kai 

2 1 3SB«lT^i, 

«£**ft. *ft. «iliiSHiELlco»K(±ffiffl 

U il - 7 v -fe V * <) 2 1 0 14 ffl fit) 28 ft t £■ < IS1 
CKS'JSliil! ff't 4 4 . -3 * 'J . H U A * '< 
- 7 y H V 1 'J 2 1 0 tC tfc ifc S If E L 1 £ fi it tf 

iticiii. ^ 3m ^ * a . aa£cs5jK<2^'iK 
o ti <c n . K'ji!»rf-7»ty*i;2 i otn 

J&T S 2 l 1 , 7?-f^f2 1 2,7f -f V 



y*f<-2 I JSitf, f - h * v !/ 9 1/ .»< 9 K 
2 2 0 * 6> U< K ;> h' if" ;tf - t* 2 3 0 tft't-Clg 
« flc 1? A 6 «> 1? . «K««ELItt,-Kf-f7-R 
L ft # -o T . « a * * E L 1 t 

tfx-f 7-^tcio3vi : >*i*aTs. 
a* 5 a »c . »anaELi iiti,Taa*«ff 

* aid Ufc»£<BiSS*«fc~. >J«s< 

A. If I' - h S T I fcilt*#Ha>ftftffl-&l:tt** 
<«-'i4. 

!l5liaim*fi1«t)iar-y h 5 0<3JH*l«r*fflBS. 
& 35 9 S K r . »3H*#ItSJ:, z <a i 3 „ 
h 5 0 14 . ft « S O S C , HyJCIRBitf 

H 5 . 

ft ffl S3 O S C « 1 #«TttA7V>CTR»AA 



-396- 



(7) 
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-e ft as « a ft * . chcs n -c a . at &t as 4 a ar 

asst. * *> *> . w-^^ionv^vy-cxfflsa 
*«^t«Kii, s ^ h » « © a a «-» *'» «. ft 

s . 

V>CTR9'Jt9 KAiSTRstCltT-fJil 

g i a< * So a ft a . 

* ft . PSl/'/XJPSRJ), ?n y i> 

CLK, * n^J-fytty KASSfC IJttf 



WSinH 64-44355 (5) 

nn^ti-jrcrttflliif-hP 1 7l> <i <3 3- 
SG2. SO 3StfSO 4 tffllillJfti. 
cfflPS^^JPSRli. ->7Sa-t-'ASia 
^SLlc81il|;3ftacPUl;*'iC0i/7Sn-K 
Ajl/XS G 4 eSJiVf A? l/*AJS?t?i 
£ ft S 1 6t' ? HOf-J titv he t y 
H. ^nyf-<>t^ y hA*8TC I 

61iii?B j-5A;i/ASC 2cHlffll,T, ^'J-t? 
e J -JCPUe!/i)7*A**-l'RI tat* 

5H&#BtUTSiiHf4. » 5 C9 K « n X It , 3E 

ttKA'j»««80scffl3xsjfi«»f®. « a c 
iiJOSf-jR.io. * * -e *v »i ra & ft & -w 

T? ift b T H 5 . V003yi?i-KPUtt, 



JCTRSitl'PSl'f^i 1 P S RHl'tiltl 

3fSH«S:a^.4fc (-3*'J«ffl111EL L t* 
«L. fflS-rffl^*"!^- * R«* 

r*fl<iu * «* as-r ■& . 

958 a 0 & # 35 8 hH*^0*-f ViSl. 



to 8 c a i* * 4 ;u - *■ v 6 sr t . 3* 

« « -e tt . 7<^Q3vti-#cpvit, -t ft 

Urt«2ftfc4''fvtcd;^-Cj£ra}0!T*Ii£*g:# 
?Davta.-5CPUl±. »B cHi:5tj6a 

fcl JHft & f? >fc "J . BPt. . ft* Ji * V t « 'J ri,. 
*»**arafh50ett«ty-fe«hL. 'J 1/ 
-Rlli RL2Untt2t-i'MTSil! 
8? tt « K * v S-T4. 

1/-RL2&#VL. Sa*-*HTlS«!t* 

Site k ft -r * . -etr. ^ * 3 -e . y s v i- 
^.^y^usR^^^-rss-p. *, > ->< - -* 

rf- HStttS L B <Z> * - A ;tf i/ •> a > * & tfi t * 
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Uit^-* MTOB6ffiS(?±t4. * fc , X 7* y 
-f 4 T? t* . ^'J«)l»l8i!"/7l,. a "J V i> & 
'JtvH,, H7TS'Jt>H-i5. 

Mvnt. fflaifflfflflSJ-fT ( -»> - k c x 

7J-C?) t I* * « 'J . nh^TISSKj;, 

riffJSsnss'-fvTfti. a *> , ^ an 3> -f v it . 

s^x^v^s-ei*. *flftai(0?issf 
1-5. * ji « bj it . armtiMv«ija» 

5 -ett. 57fMio««S?Ti/Jt4:J:c 

It. 3l?*5f6Ka*. aa*L«»^i;«:xxv 
^ l oiciStf. 

[0St#>l,fe»*S*i4. * 0> « £ C 1* . 



ftHflBB 64-44355 (6) 

Kjfitf.«E^>T. * -< V T ®Jt» & X ? - K . 

i:fitf. tit. ?-<-7T0 

Jt«B^BSlTl!llToilt«T5. rwwri*. 

HMTosrti"»iacasb-c«>4. « *s a a i± . 

8 ICifitf . 

K7-f/<#iEOtaSX-f yf-SWMi*>l;fetl} 
& K ii . ^8«i!(;i:^f -^9i5!tit. 
))^>CN l«DA«fct/57x*MP 1 K X I- 7 
1-4. <c*J- ^VJCNiefiSli. 5 V A - 

fint. »lBOfifltt»KtfU4iaBB»« 

x-f*?-swM i* Si*. 

ItXf^SSftU. aSa b H« Xx y ^ 3 0 
K. m. tt . 7;a7*$»a»)fiff)X-fj-f SWR 
3>TJ<SWFtfftCtf7ae>. XxylT'SCK-sr 

leas sa y s-r. 



^ w< - <t * - hgB«s LBoaaattitast 

JX-f •j^SWRji'^VBtt*. X y 7 3 0 © 
J;C. a*»^f 3 1 - 3 2 - 3 3 ■ • • fc 
jfifc. BP *> . •^32^lt')l'-RnH 

f -^3 3Tlt, n-jiy-XV3-*"ENl* 

^©^ji/xfc&ai-rasT. -3* 

tffl8«)^f^3U'Jl'-RL2$* 

7 u -c taa* - * m t srti!»-r a . sic. x?y 

^35t4')yiCNrSf? l ^i'l-l'- x t- y 
ix-f -/f-swriUviatt*. x x y 3 o © 

ft K . « « it 7.7- -j ^38-39-40-4 1 • • 

• tit), nnii. x x y ?* 4 o-eit'Jf-RL i 

^f^4 IT I* - a-*y-Xl/3-iTENl 



*.iiffl/<JUXS:ttiHt4*T?. ~3 * 'J ? V - 
T? *> . i(!)ft©^?y7"4 2-C'J 1/-RL 1 4 

^u^HyscNiiOi")^^. x 

fy^4<rCNl«)rt«4l/fX*MP2CX 

(H ^ . liJ7:i7;Hilti:«''tll. 'J * y I* 
LSRXItLS F^'J 5 y h tfc H & & ffi 

tit. -t«ttia-eaffii±ffifc^4 (^T57-3 

i , 3 9$n) . 

k ^ a /< # a « w t a *s a «» & a n . * a *r © 

«*#«#IBJT o JBI.Jttttt-r 5 fc . Xfy:/7©ft 
lc:*xy:/4 6IC&fc. ^fvT-Htlt. 1/ V 
XjiMPl fcrt-J^SCN l©P3?f«:J4:«T5. 

wffl«ffl-ci±, us* it -sc u a ^ © -p . sraxxy 

^4 7 CiHtf. * VX . M P 1 > C N 1 * 6 . X 
f»7 , 4!-49-S0" • ■ & £ ft l> . tiT 
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#§fW 1 - 4 4 3 5 5 



tlljtltf^f 5-^54-55-55 - • -fcSifi 
fifl *> . MP1>CN1«1S*, X 9 v I 4 8 1? U 

i/-rl i sjrvitaa^-jMTiifstjfii 

ic 158 » L . Xfj^nT, a - 9 <J - x v n - 

jrENia»s<o.'<;i>;*.stt!iif**"e. nn *> ^ v 

h»ttS L R flf 56 ffl « * S: t£ tt ffi ill 

f 4 * T? fc> «. . i©S&ra*r*^so-e. 

RL 1 fc*7L-C«S*-5MTfflBgS!lS:(?±T 

N I «3 « « t Jfctt* * • MPl'CNITtltft 
if. ^tWUCS'J. ±J3aai»'JiSL^ 

tr -r a . mp i = cn i Kftit. nn *> K 1ft 48 s 

5S (MP1) C5^/<-*iK-hi*JSLB*a 

-rail. *f»^s3ci*. m ^ t t v t > 

■H ft. MP KCN 1 *T^54fiJ 



3.fBP3 64-44355 (7) 

iSi K SK Hi L . * -r v ^ 5 5 V , n-#'j-x>n 
-jTEH 1 *6<0'<*Xt(*lll'f4* 1 C. HP *> v 

as T a . tBaBif^ssi;, uu 

-RL2t*7tTlSat-J ! MTBK!)iS:f?i 

-T a . sc. ir^s7t«(iy>cmflft 
Mi8rt8tJtiit«. Hpi=cmt«»ft 

« . X ? y / 4 7 K ft »J . ± SB * ffl * tt 'J 58 U * 
Rti, MPl=CNIK4il:, B0 lb K tt ffi S 

B(MP1) C5V/<-+)K- h»«S L B 
-rat. xr^5SKil*. MvTt'jt* 

-3 * U . K ^ -C A # ft 85 Pfl » *6 Sr « W . » « tt JS 



& a W i I, fc ft "C » a . 

£ 3 ft 4 © li . 3«^l9tfTo(0 2filcaifc 
9#-C*5. HP 1 = CN lf*4*6. 

X -f y -f 6 0 (C « tt . SS « It . M-^Mv? 

r 'J ~f 6 1 - 6 2 - 6 3 • • -tat'. 48, A 
i)y}CN 2 li . SjWJttJSI? O^'Jt^Silt 

Xf 7 ?S2f*fft5t. ijU-RL 

it. ^f^ntii-^J-i^-" 11 

-hS«SLB#gi*fl***t»»t4!:. * 

t-*MTS(?±r4. ISC. ^f^65TS 
iy*CS2Nyi"J^H-. * -r -v 7 6 S 



SfetfXCit-fat. X^v^6 1 <*> & K * X s- :f 
■3 4 U . h»«S LBtf. M P 1 

it. •te>{4H*"i3t36fi (x««ffl«) £i*tta 
n*»-r a . 

**- hffistt s l b #ttK»*> a *vfe*£ icii. 

MP 1 = CH IH*<45fflt. IflBT^f » 
:/ 4 6 K ifi tf t . -3 * U . «S»IHItfT<i0 3l!f 

Htfe«t) + a . 

at. •5v^t-*,i?-hSBttSLBffl(iEt(i. U 
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afc-wfiiiiffitfcttisrorast. nil t o mflBT. 

tEttt 6 . 

10-Ctt. MTTS'Jt^H-. * ?• s» * I 1 

ciffitf. xf i-pt±. Aiv* cn i art 

Sil''/^*MP 2(5lS«tit;«ltJ. 1/ i/ X * 
HP 2tlt. 71a7*A.<y?lHliKJ:r>tJ| 

ftJ09»^tfl7'S*>n-Cv^ tffttf. CMI"M? 

ait-. 

aafiB!l!»»ft!)«TJ,ii. CN1=MP2 
T? >i ^ «J T! . X ■? y y 1 1 0> & K X 7* v :7 1 2 1c 
iEt-. { LT, CN l>MP246Xf j^l 3 
IC HI * . tiT4liiilIXf^l 4 K S8 t? . X 
f-y^l 3 tM* , U U-RL:t*yl/T«at 
-*MTiEUSt*r6li;IESIlU. Xr-y^l 5 "C 



?.fOBng 64-44355 (8) 

D - £ iJ-iVD-jfEN 1 A' 6. O /-i A Sr & ffi 

«oa*settaiat4*TSt. t ra a . x r 

1 7T'Jl'-IlL2MnTI?at-JMI 
roBESa&^ihfS.jCtC. X 7 **:/l.9-C*'5> 
»CNlOW0tfJ'J>yH, X T * T - 1 0 

k a a - 

XT^Uttt. ij U-RL 1 t*>l/T«fi 
MTSPfttjSflSlKKftL. Xfv^l 6 "C 

S0>«*fi£ttffifasr 4 -ema. x^y 

^1 6 T U 1/ - R L 1 & * 7 UTSa*-* MT 

jcNiartBSOJ^i'H. x-^-vT-i 
o k h a . 

= i7/fXYv^»fl5T?BlSl/fcttB (MP20 

* 8 ) -e <c it ft wr , iaenKHiiiK. ±n 
a y is Lsm-r 4 . 



Kit. 35 8 c Hi:wtMv*ji*«aiK« 

ii-frB^SStf 5*. SS8cH«Xt-v 
^SCUif^tif 4. r«0»3ST?»t. \>*J*. 

* R 1 a 0 ft S t . l/^X^RlbCXhT-r*. 
l/ J/X j" R l a Kl*. *attdi^=vh50*>>i 
WASftafliftK^-SCDaaafca-ea*^*: 

«tfxhr3*iTt>4. cim»a-ci±, was^ 
£ y - * # a n & n i -3 ic , * <a ? - * & , 

M © 1/ S> X jr K £ ig t 4 • 

tltc^^t, *fl«l8a:v HcfltoiPSH; 
XJPSRBA/|I/^XK. -t ft K 85 tt a ft £: 
*-5V*.CTR*««A-r4 1 6e»hf-»#^ 

<; * y hshi. 

^SCTR*'3t»tJ«lt. * -f ^*l&*«3= 

^iw«^st«aft4- jsaso s cowaaf- 

* vn> 4 . 



M. PSKfX* PSRCt»l«8llfc?-» 
iDUK^ISttti. BP . (S«S02!:UJ 

nt/fA^xiajTJ+at. -tfttcrajigu-cps 

l/J'X? P S R#. I 6f?l-f-J«J")7JV 
f-?tLTlf;/Kf-3aSt4Cn:. i ft & 

5R fUft & ^ - -y 1-5 OA^/fiAShif-* liA 
*d<-KRirK*Ift'=>ft. 1/ f X 9 R 1 alCX 

v r a ft 4 . 7 c -*©gS)sytf£7t,*:»b. * a * 

Hvc ^ » HS?SG 3 4Hi:f!S^4. 

SC»C. 37ifFTMffl«14f x-;JT4. -t ft 
1 '* © S £ . Ui>Ai<CNT«)f*i8«:Tf'J* 
V f- (-1) t4. Cffl CNTtf. ft) 

t^J - ht4I^C, J7?PTM#Uti/l> 

a ft 6 . 

ta < « si ? . h*7-f^s«)*ii*aitfi*ot^ 

4 . 
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? -f s . ;877iruitt. K ? 4 * j« ic Jft a # 

V> I* K " 0 " K. >} -t v 

M I #" 0 "CtSA, Ife©i!lfflS:3Etf-r 4. * 1* - 
Rl b-Rl a 4 JfJ* U . -tfflejRfe, f J/*X * 
Rl c i:XV7ti5. l/!/X»RI a K i* , -t 0) 

fJSil. I/!?X#R1 belt, lg»0MT4l 

ffl-c. Ricicij. man * s ■? t 9 
eftlf-iniijihrnj. k . ri »«f*3 

*Sht. usfxJRieeMt. 
KltltKtJ. -tUt, R I c>C 1 flTt 
75{fMlK*rttvhtJ. U $ v» 

iiT-scitt. jiffliBosc©nfflraa«<03e 
tff-hSTicatfLts^Ktt, 8 a rare 



64-44355 (9) 

E L 1 i,lff-<7-^J:t:J;>j)SiaaivJFRffl 

& <n v . i/->^*ri ciziiii»-S!L*v>if- 

7?*Mitf"i - i:tvi-Shii, & @ © * -r 
^*lii«a-CI±. * r -y 7" S C 2 ©ft© X x f f 

«ti, Ht. R I * > Ref 1 K * * t . 75 

ST 1 eJfai/TV'ifflli. R 1 a > Refl C * 

5. K 7 * f 4 fc . FR«ro**«kai3 

vr :/*©»15S£tf«* L . £!laa«tf.t#T* 
© -e . R 1 a > Ref 1 bt «t D . 7 5 if M 1 # 'J t ? 

x © us « ? it . j»ttD3ra*feuro»«8*ffls 
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(54) CONSTANT VOLTAGE CIRCUIT 

(57)Abstract: 

PURPOSE: To realize the constant voltage circuit 
stably operating even to a load to which an alternating 
current flows, without any peak in an output impedance 
up to several MHz from a direct current by specifying 
the frequency characteristic of a feedback loop formed 
by an operational amplifier and a TR. 
CONSTITUTION: A second TR 23 constituting a 
complementary push-pull output circuit to a first TR 3, 
and a power source 25 connected between the bases of 
the first and second TR 3 and 23. When defining f2 as 
the frequency of a time constant to be generated in a 
resistor component 8A and a capacitor component 8B 

of a capacitor 8 and defining f3 as the frequency having the maximum time constant among 
poles to be generated in the operational amplifier 2, the frequency characteristic of the 
feedback loop is set to f3>f2. Thus, the constant voltage circuit can be realized to be stably 
operated even to the load, to which the alternating current flows, without any peak in the 
output impedance up to several MHz from the direct current. 
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(54) SEAT ADJUSTING DEVICE FOR VEHICLE 

(57)Abstract: 

PURPOSE: To efficiently reduce the fatigue of a driver and 
obtain traffic safety by performing fuzzy inference based on 
the running time and the running speed of a vehicle and 
automatically adjusting the shape of a seat at an optimum in 
response to this inference result. 

CONSTITUTION: The running time x1 counted by a running 
time counting unit 1 is inputted to a fuzzy inference device 
5 via a sample holding circuit 2. The running speed x2 
detected by a running speed detecting unit 3 is likewise 
inputted to the fuzzy inference device 5 via a sample 
holding circuit 4. The fuzzy inference device 5 performs 
fuzzy inference according to the rules stored in a fuzzy rule 
memory unit 6 and outputs signals y1 and y2 adjusting the 
seat shape. The adjustment signals y1 and y2 are outputted 

to a side support drive unit 8 and a lumber support drive unit 10 via amplifiers 7 and 9 respectively. 
The shape of the seat is automatically adjusted to an optimum, and the fatigue of a driver is 
reduced. 
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(57) ABSTRACT 

The degree of fatigue is quantified to be able to display. A 
fatigue degree measurement device 1 includes: a living body 
signal peak value detecting means 23 to detect the peak 
values of respective cycles of the original waveform of the 
living body signal data; a power value calculating means 24 
to calculate the difference between a peak value on the upper 
limit side and a peak value on the lower limil side for every 
j v . rit ed time period from respective peak values obtained 
by the living body signal peak value detecting means 23 to 
set the difference as a power value; and a power value 
inclination calculating means 25 to determine the inclination 
of the power value, to calculate an integral value by absolute 
value treatment of the time series signals of the inclination 
of the power values to determine the integral value as the 
degree of fatigue. As a result, it becomes possible to realize 
quantification of a human fatigue degree. 




Patent Application Publication Apr. 5, 2007 Sheet 1 of 17 US 2007/0078351 Al 



F I G. 1 





LIVING BODY SIGNAL "* 
MEASUREMENT DEVICE 






I J 




I 

I 


LIVING BODY SIGNAL 
DATA RECEIVING 
MEANS 



1 : FATIGUE DEGREE 
MEASUREMENT DEVICE 



MAXIMUM LYAPUNO 
INDEX CALCULATI 
MEANS (STEP) 




22 

f J 




MAXIMUM LYAPUNOV 
INDEX PEAK VALUE 
DETECTING MEANS 
(STEP) 



LIVING BODY SIGNAL 
PEAK VALUE DETECTING 
MEANS (STEP) 



POWER VALUE 
CALCULATING MEANS 
(STEP) 



I NCL I NAT I ON CALCULAT I NG MEANS (STEP) 

[INCLINATION OF POWER VALUE CALCULATING MEANS] 
[ I NCL I NAT I ON OF MAX I MUM LYAPUNOV I NDEX 
CALCULATING MEANS] 



COMPARISON AND DETERMINING 
MEANS (STEP) 

(FATIGUE STATE DETERMINING MEANS (STEP)) 




OUT PUT 



Patent Application Publication Apr. 5, 2007 Sheet 2 of 17 US 2007/0078351 Al 
FIG. 2 




Patent Application Publication Apr. 5, 2007 Sheet 3 of 17 US 2007/0078351 Al 



FIG. 3 A 




T I BE (SEC) 

(60s. 90ft) 
F I G. 3 B 



N OF 
APUNOV 


"ICIENT 


i mi 

I1VNI 






GHT 


1900 


WAVE HE 



FIG. 3 F 





I J 


1 





•-• -b/c 














N 











60 120 180 240 300 
INCLINATION 
CALCULATING TIME (S) 

SLIDE CALCULATION LAP RATE = 90% 



FIG. 3 C 



I 



FIG. 3D 



-INCLINATION OF POWER VALUE 



-O - INCLINATION OF MAXIMUM 
LYAPUNOV INDEX 



: FALLING ASLEEP WARNING SIGNAL 
: TRANSITION STATE SIGNAL TO SLEEP 
: SLEEPING SIGNAL 



600 1200 1800 
(240s. 90%) 

FIG. 3 E .. 



0 600 1200 1800 

(3oos, m 

(SAMPLING TIME, LAP RATE) 



-o. i -=- 



Patent Application Publication Apr. 5, 2007 Sheet 4 of 17 



US 2007/0078351 Al 



FIG. 4 A 



i 



III 



600 1200 

(180s, 70%) 



FIG. 4B 




FIG. 4E 



90 95 
LAP RATE ft) 

INCLINATION CALCULATING TIME - 180s 

COMPARISON OF WAVE HEIGHT COEFFICIENT 
BASED ON LAP RATE 



—♦-.INCLINATION OF POWER VALUE 

-O -INCLINATION OF MAXIMUM 
LYAPUNOV INDEX 



FIG. 4 C 



: FALLING ASLEEP WARNING SIGNAL 
: TRANSITION STATE SIGNAL TO SLEEP 
: SLEEPING SIGNAL 



FIG. 4 D 




(180s, 95%) 



Patent Application Publication Apr. 5, 2007 Sheet 5 of 17 US 2007/0078351 Al 
FIG. 5 A F I G. 5 B 




FREQUENCY (Hz) FREQUENCY (Hz) 



90% LAP RATE 180 SEC. SAMPLING TIME 

COMPARISON OF FREQUENCY ANALYSIS IN A CASE OF 30 MIN. EXPERIMENT 



F I G. 6 A F I G. 6 B 




90% LAP RATE 180 SEC. SAMPLING TIME 

COMPARISON OF FREQUENCY ANALYSIS IN A CASE OF 180 MIN. EXPERIMENT 



Patent Application Publication Apr. 5, 2007 Sheet 6 of 17 US 2007/0078351 Al 





FORCED POSTURE (motionless posture) 



Patent Application Publication Apr. 5, 2007 Sheet 7 of 17 



US 2007/0078351 Al 




Patent Application Publication Apr. 5, 2007 Sheet 9 of 17 



US 2007/0078351 Al 



FIG. 1 OA 

FREQUENCY ANALYSIS OF BODY 
PRESSURE DISPERSING TYPE SEAT 



FIG. 1 OB 

FREQUENCY ANALYSIS OF 
POSTURE-SUSTAINING TYPE SEAT 




0.02 
FREQUENCY (Hz) 
FREQUENCY ANALYSIS OF 
POWER VALUE INCLINATION 



0.02 
FREQUENCY (Hz) 
FREQUENCY ANALYSIS OF 
POWER VALUE INCLINATION 




0 0.01 0.02 0.03 

FREQUENCY (Hz) 
FREQUENCY ANALYSIS OF INCLINATION 
OF MAXIMUM LYAPUNOV INDEX 



)1| T , 




o — ^^yfy^y!wr 





FREQUENCY (Hz) 
FREQUENCY ANALYSIS OF INCLINATION 
OF MAXIMUM LYAPUNOV INDEX 



FIG. 1 1 A 




FIG. 1 1 B 




- 6 § 

2 uj 



TIME (min) 



S-F: FATIGUE SIGNAL 

(POSTURE-SUSTAINING TYPE SEAT) 
T-F: FATIGUE SIGNAL 

(BODY PRESSURE DISPERSING TYPE SEAT) 



QUALITATIVE EVALUATION OF 
POSTURE-SUSTAINING TYPE SEAT 
ON THE BASIS OF BODY PRESSURE 
DISPERSING TYPE SEAT 



-CALCULATED VALUE (POSTURE-SUSTAINING TYPE SEAT) 
-CALCULATED VALUE (BODY PRESSURE DISPERSING TYPE SEAT) 



Patent Application Publication Apr. 5, 2007 Sheet 11 of 17 



US 2007/0078351 Al 




FIG. 1 4 A F I G. 1 4B 




TIME ( min > QUALITATIVE EVALUATION OF 

S-F: FATIGUE SIGNAL POSTURE-SUSTAINING TYPE SEAT 

(POSTURE-SUSTAINING TYPE SEAT) ON THE BASIS OF BODY PRESSURE 

T-F: FATIGUE SIGNAL DISPERSING TYPE SEAT 



(BODY PRESSURE DISPERSING TYPE SEAT) 



— CALCULATED VALUE (POSTURE-SUSTAINING TYPE SEAT) 

— CALCULATED VALUE (BODY PRESSURE DISPERSING TYPE SEAT) 



-♦-SENSORY EVALUATION VALUE (POSTURE-SUSTAINING TYPE SEAT) 
-■-SENSORY EVALUATION VALUE (BODY PRESSURE DISPERSING TYPE SEAT) 



Patent Application Publication Apr. 5, 2007 Sheet 12 of 17 US 2007/0078351 Al 



FIG. 1 5 A 



FIG. 1 5B 




TWEfoin) 
KATSURAGAWA PA TO KIBI SA (3) 
60-90 min 



TIME (»in) 
KIBI SA TO KDDANI SA (3) 
60-90 rain(180-210 min) 



HI 



TlMECmin) 
KATSURAGAWA PA TO KIBI S. 
90-120 min 



Patent Application Publication Apr. 5, 2007 Sheet 13 of 17 



US 2007/0078351 Al 




Patent Application Publication Apr. 5, 2007 Sheet 14 of 17 US 2007/0078351 Al 




Patent Application Publication Apr. 5, 2007 Sheet 15 of 17 US 2007/0078351 Al 



2000 




0 30 60 90 120 

TIME On in) 
DRIVER'S SEAT (40-YEAR OLD MALE) 




0 30 60 90 120 

TIME (n in) 
PASSENGER SEAT (30-YEAR OLD FEMALE) 



200O 



F I 




TIME (min) 
FATIGUE CURVE COMPARISON 



CALCULATED VALUE (KATSURAGAWA PA TO KIBI SA) DRIVER' S SEAT 40-YEAR OLD MALE 

CALCULATED VALUE (KIBI SA TO KODANI SA) DRIVER'S SEAT 40-YEAR OLD MALE 

CALCULATED VALUE (KATSURAGAWA PA TO KIBI SA) PASSENGER SEAT 30-YEAR OLD FEMALE 

— CALCULATED VALUE (KIBI SA TO KODANI SA) PASSENGER SEAT 30-YEAR OLD FEMALE 



Patent Application Publication Apr. 5, 2007 Sheet 16 of 17 US 2007/0078351 Al 
F IG..20 



Cf =10/ 


Cf=57 




't^f =3 










o/ 

























°o ""a 5 .1 1.5 2 



^jr 

o a= SLEEP SIGNAL, FALLING ASLEEP WARNING SIGNAL 

* a= FATIGUE SIGNAL, <8 = FALLING ASLEEP WARNING SIGNAL 
■ o= SLEEP SIGNAL, 0= FATIGUE SIGNAL 



Patent Application Publication Apr. 5, 2007 Sheet 17 of 17 US 2007/0078351 Al 



FIG. 2 1 A 

MUSCULAR TYPE TESTEE 



FIG. 2 1 B 

LUMBAGO CARRYING TESTEE 



FIG. 2 1 C 

LEPT0S0ME TESTEE 





FREQUENCY (Hz) 
FREQUENCY ANALYSIS OF 
POWER VALUE INCLINATION 



FREQUENCY (Hz) 
FREQUENCY ANALYSIS OF 
POWER VALUE INCLINATION 



0 0.01 0.02 0.03 

FREQUENCY (Hz) 
FREQUENCY ANALYSIS OF 
POWER VALUE INCLINATION 




FREQUENCY (Hz) 
FREQUENCY ANALYSIS OF 
INCLINATION OF 
MAXIMUM LYAPUNOV INDEX 



FREQUENCY ANALYSIS OF 
INCLINATION OF 
MAXIMUM LYAPUNOV INDEX 



FREQUENCY (Hz) 
FREQUENCY ANALYSIS OF 
INCLINATION OF 
MAXIMUM LYAPUNOV INDEX 




FAT I GUE CURVE FAT I GUE CURVE FAT I GUE CURVE 



NO BACK REST 

NATURAL DRIVING POSTURE 

STRESSING WAIST OVERHANG 



US 2007/007835 1 A1 



Apr. 5, 2007 



FATIGUE DEGREE MEASUREMENT DEVICE, 
FATIGUE DETECTION DEVICE AND COMPUTER 
PROGRAM TO BE USED THEREIN 

TECHNICAL FIELD 

[0001] The present invention relates to a fatigue degree 
measurement device for quantitatively measuring human 
fatigue, a fatigue detection device for detecting the state of 
fatigue, and a computer program to be used for the above. 

BACKGROUND ART 

[0002] Detection of the state of a human living body, for 
instance, whether it is in an activation state (awakening 
state) or in a sleeping state is conventionally carried out by 
measuring a brain wave, and analyzing its brain wave 
pattern. However, measurement of a brain wave is required 
to perform in an environment to restrict usual behavior of a 
person such as attachment of brain wave electrodes or eye 
potentiometric electrodes on a head of a testee. Therefore, it 
is difficult to evaluate, for instance, the state of a living body 
during driving various transportation machines such as cars 
or trains without imposing a burden on a driver. 
[0003] Whereas, monitoring the state of driver's living 
body (state of mind and body) during driving has been 
widely noticed as a safeguard against traffic accidents in 
recenl years. For instance, in Patent Document 1 (Japanese 
Patent Vpl iti in l aid-open No. Hei 9-308614) and Patent 
Document 2 (Japanese Patent Application Laid-open No. 
Hei 10-146321), a technology of monitoring the living body 
state using a heart beat or blood beat has been proposed. 
According to the technology disclosed in Patent Documents 
1 and 2, it is possible to easily evaluate a living body state 
of a driver without installment of a large scale device for 
brain wave measurement on a head. 
[0004] All of the devices disclosed in Patent Documents 1 
and 2 calculate a chaos index of heart beats or blood beats, 
from which the state of mind and body of a driver is judged. 
Concretely, it is structured as follows. As one of the chaos 
indexes, Lyapunov index of heart beats or blood beats is 
determined, and when decrease in the Lyapunov index is 
seen during a prescribed period of time or longer in the time 
base change, it is determined that a stress load is generated 
in a level requiring a rest and a testee is in a state just before 
falling into a doze (the state of feeling drowsy). It has been 
already reported by Japanese Patent Application I aid-open 
No. Hei 4-208136 that a living body state could be objec- 
tively determined by the chaos index as a signal for a living 
body, and it may be possible to detect a state immediately 
before falling into a doze by a device disclosed in Patent 
Documents 1 and 2. 

[0005] However, Patent Documents 1 and 2 only disclose 
that the technology treats measured heart beats or blood 
beats with only a chaos index such as Lyapunov index or the 
like, and detects a process from a change in decrease in 
Lyapunov index to a mentally stable state, and determines 
whether or not a fatigue state in such a degree of drowsiness 
is generated, but no trial has been made to grasp the degree 
of fatigue quantitatively. 

[0006] Generally, as for a body force, there are vital body 
force relating to maintain a life, and an active body force 
with a background of the viable body force. The viable body 



force corresponds to a capability to maintain life and health, 
and is also called a defensive body force, while the active 
body force is a behavioral body force to move a body, and 
is generally taken as motility. The functions to support the 
behavioral body force include an energy generating system, 
an energy supplying system, and an energy control system. 
The energy generating system relates to a function to cause 
muscle fatigue of muscular strength, endurance, or the like, 
depending on the manner of muscular system workings. The 
energy supply system relates to a function of respiratory and 
circulatory system determined by oxygen intake or heart 
rate, and the energy control system relates to a function of 
agility, cooperativity, balancing ability, and flexibility. 
Therefore, as a consequence, physical burden can be deter- 
mined from the state of the energy supply system, and 
mental burden from the state of the energy control system. 
From these judgment, an active state of the energy genera- 
tion system which is a basis of muscle fatigue can be 
grasped. 

[0007] The state of the above-described energy control 
system, namely, the conditions of mental burden can be 
grasped by determining Lyapunov index of living body 
signal data, and the state of the above-described energy 
supply system, namely, the state of physical burden can be 
grasped by measuring and treating force of it i ;t nice 
(referred to as "a power value" in the present specification) 
determined from a peak value in a cycle of the living body 
signal. In other words, an ACTH emission hormone is 
allowed to create various biological activities by a living 
body reaction called a general adaptation syndrome pro- 
duced when various stressors are added to a living body. The 
force of resistance is a power which fights invasion and 
destruction from outside and includes such reactions as 
autonomic nervous system reactions shown by increase of 
heart rate caused by the reaction or increase in offensiveness, 
and results in consumption of energy and emission of 
calories. Accordingly, it is effective to determine the fatigue 
degree by detecting a decline in consumed calorie. In the 
present invention, such a force of resistance is determined 
from the peak value in a cycle of a living body signal, which 
is defined as a power value. 

[0008] As for fatigue, there are peripheral fatigue and 
central fatigue. For instance, in the state of seated on a car 
scat for a long time, though there is an individual difference 
due to conditions of the scat or physical conditions, gener- 
ally, the peripheral fatigue is predominant in the first half 
and the central fatigue is predominant in the latter half. As 
for the process of fatigue, a testee may begin to relax while 
calorie consumption is kept high and then calorie consump- 
tion declines, or calorie consumption may decline while a 
testee is excited, and then the testee relaxes to further lower 
calorie consumption. That is, a decline in consumed calorie 
commonly occurs in both fatigue, and it is conceived to be 
effective for grasping fatigue to analyze a power value from 
this point of view. However, conventionally, analysis of 
Lyapunov index is exclusively used to detect fatigue in the 
state of just before the onset of sleep from a mental burden, 
and since analysis of a power value is not taken into 
consideration, it is not suitable especially for detection of 
peripheral fatigue. 

[0009] Furthermore, the values of Lyapunov index and 
heart beat in Patent Document 1 and 2 are taken in a time 
series change, but they are values for every 15 minutes or 30 
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minutes. Therefore, substantially real time state change 
necessary for monitoring during driving cannot be observed. 
[001 0] The present invention is achieved in consideration 
of the above-described problems, and an object of this 
invention is to provide a fatigue degree measurement device 
which can realize quantification of the degree of fatigue, can 
detect a fatigue signal irrespective of peripheral fatigue or 
central fatigue, and is suitable for measuring the degree of 
fatigue and detecting fatigue of, in particular, a driver, a 
fatigue detecting means, and computer programs. 

DISCLOSURE OF THE INVENTION 
[0011] In order to solve the above-described problems, the 
present invention described in claim 1 provides a fatigue 
degree measurement device, including: 
[0012] a living body signal peak value detecting means for 
detecting the peak value in each cycle of an original wave- 
form of the living body signal data collected b a living body 
signal measurement device; 

[001 3] a power value calculating means for calculating the 
difference between a peak value on the upper limit side and 
a peak value on the lower limit side for every prescribed 
time period from each peak value obtained by the living 
body signal peak value detecting means and for setting the 
difference as the power value; 

[0014] a power value inclination calculating means for 
determining an inclination of the power values to the time 
base during the prescribed time period by slide calculating 
the prescribed times at a prescribed lap rate for the pre- 
scribed time period; and 

[0015] a fatigue degree calculating means for calculating 
an integral value by absolute value treatment of time base 
signal of power value inclination obtained from the slide 
calculation by the power value inclination calculating means 
to determine the obtained integral value as the degree of 
fatigue. 

[0016] The present invention described in claim 2 pro- 
vides the fatigue degree measurement device according to 
claim 1, in which the living body signal peak value detecting 
means is a means to perform smoothing differentiation of the 
living body signal data to determine the peak value on the 
upper limit side and the peak value on the lower limit side 
for the width fluctuation of the waveform with a predeter- 
mined threshold value. 

[0017] The present invention described in claim 3 pro- 
vides the fatigue degree measurement device according to 
claim 1, in which the power value calculating means is a 
means to calculate the difference between the mean value of 
the peak value on the upper limit side and the mean value of 
the peak value on the lower limit side within the prescribed 
time period range of the living body signal data as the power 

[0018] The present invention described in claim 4 pro- 
vides the fatigue degree measurement device according to 
claim 3, in which the power value calculating means is a 
mean to calculate the square value of the difference between 
the mean value of the peak value on the upper limit side and 
the mean value of the peak value on the lower limit side 
within the prescribed time period range of the living body 
signal data as the power value. 



[0019] The present invention described in claim 5 pro- 
vides the fatigue degree measurement device according to 
claim 1, in which the time interval used in the slide calcu- 
lation in the power value inclination calculating means is 
180 seconds and the lap rate is 90%. 
[0020] The present invention described in claim 6 pro- 
vides the fatigue degree measurement device according to 
claim 1, further including: 

[0021] a maximum Lyapunov index calculating means for 
calculating the maximum Lyapunov index by chaos analyz- 
ing the living body signal data; 

[0022] a maximum Lyapunov index peak value detecting 
means for detecting the peak value in each cycle of a time 
series change waveform of the calculated maximum 
Lyapunov index; 

[0023] a maximum Lyapunov index inclination calculat- 
ing means for determining an inclination of each peak value 
of the maximum Lyapunov indexes obtained by the maxi- 
mum Lyapunov index peak value detecting means to the 
time base during the prescribed time period by slide calcu- 
lating the prescribed times al a prescribed lap rate for the 
prescribed time period, in addition to the inclination of the 
power value; and 

[0024] a comparing and determining means for determin- 
ing as the generating point of a fatigue signal when the 
inclination of the power value obtained by slide calculating 
using the power value inclination calculating means and the 
maximum Lyapunov index obtained by slide calculating 
using the maximum Lyapunov index inclination calculating 
means stably show the phase difference of substantially 1 80° 
among time series signals. 

[0025] The present invention described in claim 7 pro- 
vides the fatigue degree measurement device according to 
claim 6, in which the maximum Lyapunov index peak value 
detecting means is a means to perform smoothing differen- 
tiation of the time scries change waveform of the maximum 
Lyapunov index to determine the peak value on the upper 
limit side and the peak value on the lower limit side for the 
width fluctuation of the waveform with a predetermined 
threshold value. 

[0026] The present invention described in claim 8 pro- 
vides the fatigue degree measurement device according to 
claim 6, in which the time interval used in the slide calcu- 
lation in the maximum Lyapunov index inclination calcu- 
lating means is 180 seconds and the lap rate is 90%. 
[0027] The present invention described in claim 9 pro- 
vides a fatigue detection device, including: 
[0028] a living body signal peak value detecting means for 
detecting the peak value in each cycle of an original wave- 
form of the living body signal data collected by a living body 
signal measurement device; 

[0029] a power value calculating means for calculating the 
difference between a peak value on the upper limit side and 
a peak value on the lower limit side for every prescribed 
time period from each peak value obtained by the living 
body signal peak value detecting means and for setting the 
difference as the power value; 
[0030] a power value inclination calculating means for 
determining an inclination of the power values to the time 
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base during the prescribed time period by slide calculating 
the prescribed times at a prescribed lap rate for the pre- 
scribed time period; 

[0031] a maximum Lyapunov index calculating means for 
calculating the maximum Lyapunov index by chaos analyz- 
ing the living body signal data; 

[0032] a maximum Lyapunov index peak value detecting 
means for detecting the peak value in each cycle of a time 
series change waveform of the calculated maximum 
Lyapunov index; 

[0033] a maximum Lyapunov index inclination calculat- 
ing means for determining an inclination of each peak value 
of the maximum Lyapunov indexes obtained by the maxi- 
mum Lyapunov index peak value detecting means to the 
time base during the prescribed time period by slide calcu- 
lating the prescribed times at a prescribed lap rate for the 
prescribed time period; and 

[0034] a comparing and determining means for determin- 
ing as the generating point of a fatigue signal when the 
inclination of the power value obtained by slide calculating 
using the power value inclination calculating means and the 
maximum Lyapunov index obtained by slide calculating 
using the maximum Lyapunov index inclination calculating 
means stably show the phase difference of substantially 180° 
among time series signals. 

[0035] The present invention described in claim 10 pro- 
vides the fatigue detection device according to claim 9, in 
which the living body signal peak value detecting means is 
a means to perform smoothing differentiation of the living 
body signal data to determine the peak value on the upper 
limit side and the peak value on the lower limit side for the 
width fluctuation of the waveform with a predetermined 
threshold value, and the maximum Lyapunov index peak 
value detecting means is a means to perform smoothing 
differentiation of the time series change waveform of the 
maximum Lyapunov index to determine the peak value on 
the upper limit side and the peak value on the lower limit 
side for the width fluctuation of the waveform with a 
predetermined threshold value. 

[0036] The present invention described in claim 11 pro- 
vides ihe fatigue detection measurement device according to 
claim 9, in which the time interval used in the slide calcu- 
lation in the power value inclination calculating means and 
the maximum Lyapunov index inclination calculating means 
is 180 seconds and the lap rate is 90%. 

[0037] The present invention described in claim 12 pro- 
vides the fatigue detection device according to claim 9, in 
which the comparing and determining means includes a 
fatigue state determining means for determining the state of 
fatigue based on the inclinations of power value and the 
maximum Lyapunov index appearing in time series. 

[0038] The present invention described in claim 13 pro- 
vides the fatigue detection device according to claim 12, in 
which the fatigue state determining means includes a means 
for performing frequency analysis of the change in the 
inclinations of power value and the maximum Lyapunov 
index appearing in time series, and determining a central 
fatigue predominant state when power spectrum of the 
inclination of die maximum Lyapunov index is large, and a 



peripheral fatigue predominant state when the power spec- 
trum of the inclination of the power value is large. 
[0039] The present invention described in claim 14 pro- 
vides a computer program to make a computer execute a 
process to measure the degree of fatigue by analyzing living 
body signal data collected by a living body signal measure- 
ment device to measure a human living body signal, includ- 
ing: 

[0040] a living body signal peak value detecting step of 
detecting the each cycle peak value of the original waveform 
of the living body signal data; 

[0041] a power value calculating step of calculating the 
difference between a peak value on the upper limit side and 
a peak value on the lower limit side for every prescribed 
time period from each peak value obtained from the living 
body signal peak value detecting step to set the difference as 
the power value; 

[0042] a power value inclination calculating step of deter- 
mining the inclination of the power value to the time base 
during the prescribed time period by slide calculating the 
prescribed times at a prescribed lap rate for the prescribed 
time period; and 

[0043] a fatigue degree calculating step of calculating an 
integral value by absolute value treatment of the time base 
signal of the power value inclination obtained from slide 
calculation by the power value inclination calculating step to 
determine the obtained integral value as the degree of 
fatigue. 

[0044] The present invention described in claim 15 pro- 
vides a computer program to make a computer execute a 
process to detect fatigue by analyzing living body signal 
data collected by a living body signal measurement device 
to measure a human living body signal, including: 
[0045] a living body signal peak value detecting step of 
detecting the peak value in each cycle of the original 
waveform of the living body signal data collected by a living 
body signal measurement device; 
[0046] a power value calculating step of calculating the 
difference between a peak value on the upper limit side and 
a peak value on the lower limit side for every prescribed 
time period from each peak value obtained from the living 
body signal peak value detecting means to set the difference 
as the power value; 

[0047] a power value inclination calculating step of deter- 
mining the inclination of the power value to the time base 
during the prescribed time period by slide calculating the 
prescribed times at a prescribed lap rate for the prescribed 

[0048] a maximum Lyapunov index calculating step of 
calculating the maximum Lyapunov index by chaos analyz- 
ing the living body signal data; 

[0049] a maximum Lyapunov index peak value detecting 
step of detecting the peak value in each cycle of a time series 
change waveform of the calculated maximum Lyapunov 
index; 

[0050] a maximum Lyapunov index inclination calculat- 
ing step of determining the inclination of each peak value of 
the maximum Lyapunov indexes obtained by the maximum 
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Lyapunov index peak value detecting step to the time base 
during the prescribed time period by slide calculating the 
prescribed times at a prescribed lap rate for the prescribed 
time period, and 

[0051] a comparing and determining step of determining 
as the generating point of a fatigue signal when inclination 
of the power value obtained by slide calculating using the 
power value inclination calculating step and the maximum 
Lyapunov index obtained by slide calculation using the 
maximum Lyapunov index inclination calculating step sta- 
bly show the phase difference of substantially 180° among 
time series signals. 

[0052] The present invention described in claim 16 pro- 
vides the computer program according to claim 15, in which 
the comparing and determining step includes a fatigue state 
determining step to perform frequency analysis of the 
change in inclination of the power value and of the maxi- 
mum Lyapunov index appearing in time series, and deter- 
mines to be a central fatigue predominant state when the 
power spectrum of the inclination of the maximum 
Lyapunov index is large, and to be a peripheral fatigue 
predominant state when the power spectrum of the inclina- 
tion of the power value is large. 

EFFECT OF THE INVENTION 
[0053] The fatigue degree measurement device and the 
computer programs of the present invention are structured 
including a living body signal peak value detecting means to 
detect peak values of respective cycles in the original 
waveform of living body signal data, a power value calcu- 
lating means for calculating the difference between a peak 
value on the upper limit side and a peak value on the lower 
limit side for every prescribed time period from each peak 
value obtained by the living body signal peak value detect- 
ing means and for setting the difference as the power value 
and a power value inclination calculating means to deter- 
mine the inclination of the power values, to calculate an 
integral value by absolute value treatment of the time series 
signals of the inclination of the power values to determine 
the integral value as the degree of fatigue. As a result, it 
becomes possible to realize quantification of a human 
fatigue degree. 

[0054] Moreover, the fatigue degree measurement device 
and the computer programs of the present invention can 
detect fatigue signals by making a structure including a 
maximum Lyapunov index inclination calculating means for 
determining the inclination to the time base of the maximum 
Lyapunov indexes in addition to the structure calculating the 
inclination of the power values. Moreover, it is possible to 
determine the kind of fatigue corresponding to the appeared 
fatigue signal by the comparison and determining means. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0055] FIG. 1 is a block diagram showing a configuration 
of a fatigue degree measurement device according to an 
embodiment of the present invention; 
[0056] FIG. 2 is a view to explain a technique of slide 
calculation; 

[0057] FIGS. 3A to 3E are views showing the inclinations 
of power value and the maximum Lyapunov index when 
time of sampling is varied to perform the most suited 



calculation of inclination in a sleeping experiment. FIG. 3F 
is a view showing its wave height coefficient; 
[0058] FIGS. 4A to 4D are views showing the inclinations 
of the power value and the maximum Lyapunov index when 
a slide lap rate is varied to perform the most suited calcu- 
lation of inclination in a sleeping experiment for 30 min. 
FIG. 4E is a view showing its wave height coefficient; 
[0059] FIG. 5A is a view showing the result of frequency 
analysis shown in FIGS. 3A to 3E, and FIG. SB is a view 
showing the result of frequency analysis shown in FIGS. 4A 
to4D; 

[0060] FIGS. 6A and 6B arc views showing the result of 
frequency analysis on the inclinations of the power value 
and the maximum Lyapunov index obtained by a sleeping 
experiment for 180 min. FIG. 6A shows a case taking the 
slide lap rate 90% and changing the sampling time, while 
FIG. 6B is a case taking the sampling time for 180 sec and 
changing the slide lap rate; 

[0061] FIGS. 7A and 7B are views showing a time series 
change of the inclinations of the power value and the 
maximum Lyapunov index for 30 min. obtained during a 
short time seating experiment. FIG. 7A is a view showing 
data when a testee is seated in a round-shouldered posture, 
while FIG. 7B is a view showing data when the testee is 
seated in a forced posture on the same seat; 
[0062] FIGS. 8A and 8B are views showing the result of 
frequency analysis in the round-shouldered posture and 
forced posture in FIGS. 7A and 7B; 
[0063] FIGS. 9A and 9B are views showing the inclina- 
tions of power value and the maximum Lyapunov index 
obtained from a 3-hour static seating experiment. FIG. 9A is 
a view showing a case of seated on a body pressure 
dispersing type seat, while FIG. 9B is a view showing a case 
of seated on a posture-sustaining type seat; 
[0064] FIG. 10A is a view showing the result of frequency 
analysis of the body pressure dispersing type scat in FIG. 
9 A, and FIG. 10B is a view showing the result of frequency 
analysis of the posture-sustaining type seat in FIG. 9B; 
[0065] FIG. 11A is a view showing data calculated as an 
integral value taken by absolute value treatment of time 
series signals of the power value inclination for respective 
fatigue degrees of the body pressure dispersing type seat in 
FIG. 9A and the posture-sustaining type seat in FIG. 9B. 
FIG. 11B is a view showing the fatigue curve evaluating the 
posture-sustaining type seat with respect to the body pres- 
sure dispersing type seat; 

[0066] FIG. 12A and 12B are views showing the inclina- 
tions of power value and the maximum Lyapunov index 
obtained by 3-hour seating experiment under random exci- 
tation. FIG. 12A is a view showing a case of seated on a 
body pressure dispersing type seat, while FIG. 12B is a view 
showing a case of seated on a posture-sustaining type seat; 
[0067] FIG. 13 A is a view showing the result of frequency 
analysis of the body pressure dispersing type seat in FIG. 
12A, and FIG. 13B is a view showing the result of frequency 
analysis of the posture-sustaining type seat in FIG. 12B; 
[0068] FIG. 14A is a view showing data calculated as an 
integral value taken by absolute value treatment of time 
series signals of the power value inclination for respective 
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fatigue degrees of the body pressure dispersing type seat in 
FIG. 12A and the posture-sustaining type seat in FIG. 12B. 
FIG. 14B is a view showing the fatigue curve evaluating the 
fatigue degree (calculated value) and sensory evaluation 
value of the body pressure dispersing type seat with respect 
to the posture-sustaining type seat; 
[0069] FIGS. 15A and 15B are views showing the incli- 
nations of power value and the maximum Lyapunov index of 
a testee on a driver's seat obtained during a seated (seated 
posture) vehicle driving experiment; 
[0070] FIGS. 16A and 16B are views showing a result of 
frequency analysis in FIGS. ISA and 15B; 
[0071] FIGS. 17A and 17B are views showing the incli- 
nations of power value and the maximum Lyapunov index of 
a testee on a passenger seat obtained during a seated (seated 
posture) vehicle driving experiment; 
[0072] FIGS. 18A and 18B are views showing a result of 
frequency analysis in FIGS. 17A and 17B; 
[0073] FIGS. 19A, 19B, and 19C are views showing 
calculated values on fatigue degrees, FIG. 19A shows the 
fatigue curve of a testee in the driver's seat, FIG. 19B shows 
the fatigue curve of a testee in the passenger seat, and FIG. 
19C shows a view in which both fatigue curves are over- 
lapped; 

[0074] FIG. 20 is a view comparing the wave height 
coefficients of falling asleep warning signals, fatigue signals, 
and sleeping signals by the vehicle driving experiments; and 
[0075] FIGS. 21A to 21C are views showing frequency 
analysis of the inclinations of power values and the maxi- 
mum Lyapunov indexes and fatigue curves in a lumbago 
acceleration short time seating experiment, and FIG. 21A 
shows data of a muscular testee, FIG. 21B shows data of a 
testee suffering lumbago, and FIG. 21 C shows data of a 
leptosome testee. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0076] Hereinafter, the present invention will be explained 
further in detail according to an embodiment shown in the 
drawings. FIG. 1 is a block diagram of a fatigue degree 
measurement device 1 according to an embodiment of the 
present invention. As shown in FIG. 1, the fatigue degree 
measurement device 1 of the present embodiment receives 
living body signal data collected from a living body signal 
measurement device 10 and carries out a prescribed analysis 

[0077] Although any living body signal measurement 
device 10 can be used so far as it can collect living body 
signals such as pulse waves, heart beats, or the like, it is 
preferable to use a device which can observe the state of 
peripheral circulatory systems such as a finger tip volume 
pulse wave or the like. As a measurement device for a finger 
tip volume pulse wave, for instance, a device having an 
infrared light-emitting diode and a phototransistor placed on 
a finger for measurement can be used. When, for instance, a 
living body signal of a person who is seated on a driver's 
seat of a car or a train is sensed, it is possible to use a device 
provided with a pressure sensor attached to a seat back or a 
seat cushion of a driver's seat, and to detect a pulse wave 
from a pressure value change. In this case, it is necessary not 



to let a person feel a feeling of something foreign during 
seating, and preferably, for instance, a film-shaped piezo- 
electric element is used as a pressure sensor, which is stuck 
on the surface of a seat back or seat cushion. 

[0078] The fatigue degree measurement device 1 is pro- 
vided with a receiver to receive a living body signal data 
collected by the living body signal measuring device 10, and 
includes a maximum Lyapunov index calculating means 
(maximum Lyapunov index calculating step) 21, a maxi- 
mum Lyapunov index peak value detecting means (maxi- 
mum Lyapunov index peak value detecting step) 22, a living 
body signal peak value detecting means (living body signal 
peak value detecting step) 23, a power value calculating 
means (power value calculating step) 24, an inclination 
calculating means (inclination calculating step) 25, a com- 
paring and determining means (comparing and determining 
step) 26, and a fatigue degree calculating means (fatigue 
degree calculating step) 27. 

[0079] The maximum Lyapunov index is one of chaos 
indexes, and is a value showing a degree of initial value 
dependency of chaos by means of an index, which is an 
amount showing a degree in which a distance between two 
neighboring orbits among orbits drawn by a chaos atractor 
is increasing accompanied by passage of time. More con- 
cretely, the living body signal data collected from the living 
body signal measurement device 10 are firstly convened to 
time series signals of the living body signals (for instance, 
finger-tip volume pulse wave) by a maximum Lyapunov 
index calculating means (maximum Lyapunov index calcu- 
lating step) 21 to reform the time series signals in a state 
space by a time-delay method. A time series delay time of 
the pulse wave is 50 ms, and if embedded dimensions are 
expressed by FNN (False Near Neighbors) method, since 
FNN is nearly zero at dimension 3, and absolutely zero at 
dimension 4, the best suited embedded dimension is set as 
4 dimension. The Lyapunov indexes are numerically 
expressed to the obtained consecutive data calculation val- 
ues, by slide calculation shown in FIG. 2, using sliding 
window approach at 30 seconds. Values of the maximum 
Lyapunov index among the Lyapunov indexes are plotted at 
every one second, and the time series data of the maximum 
Lyapunov indexes are calculated. Next, in the inclination 
calculation means 25, the slide calculation shown in FIG. 2 
is performed to time series data of the maximum Lyapunov 
indexes, which will be described in detail later. 

[0080] The maximum Lyapunov index peak value detect- 
ing means (maximum Lyapunov index peak value detecting 
step) 22 of the present embodiment detects each waveform 
cycle peak value of time series change of the maximum 
Lyapunov indexes calculated as above. Concretely, the 
maximum Lyapunov indexes calculated as above is 
smoothed through smoothing differentiation by Savitzky 
and Golay, and the peak values on the upper limit side and 
the peak values (bottom values) on the lower side are seated. 
In a primary differentiation waveform using smoothing with 
a prescribed threshold value, preferably with 70% of the 
fluctuation width of the waveform as a threshold value, 
differentiation value-0 is taken as each peak value. By 
smoothing through smoothing differentiation, the effect of 
noise can be reduced. 

[0081] The living body signal peak value detecting means 
(living body signal peak value detecting step) 23 detects 
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each cycle peak value of original waveform of the living 
body signal data obtained by the living body signal mea- 
surement device 10. Concretely, the living body signal data 
is smoothing differentiated by Savitzky and Golay, detection 
is made with a prescribed threshold value, preferably with 
70% of the fluctuation width of the waveform as a threshold 
value, and the peak values on the upper limit side and the 
peak values (bottom values) on the lower side are deter- 

[0082] In the power value calculating means (power value 
calculating step) 24, each peak value of the living body 
signal data obtained by the living body signal peak value 
detecting means 23 is divided for every prescribed time 
period previously established, for instance, for every 5 
seconds (s), to determine the average values of the upper 
limit side peak values and the lower limit side peak values, 
and differences between these average values are determined 
as power values. Note that, in the present embodiment, the 
power value is determined by squaring the difference 
between the average value of the upper limit side peak value 
and the average value of the lower limit side peak value. 
[0083] The inclination calculating means (inclination cal- 
culating step) 25 includes a maximum Lyapunov index 
inclination calculating means (maximum Lyapunov index 
inclination calculating step) and a power value inclination 
calculating means (power value inclination calculating step). 
The maximum Lyapunov index inclination calculating 
means determines by slide calculating an inclination in the 
time base during the prescribed time period of each peak 
value of the maximum Lyapunov index obtained by the 
maximum Lyapunov index peak value detecting means 22 
for the prescribed time period and the prescribed times at a 
prescribed lap rate. The power value inclination calculating 
means determines by slide calculating an inclination in the 
lime base during the prescribed time period of the power 
value obtained by the power value calculating means 24 at 
a prescribed lap rate the prescribed times (refer to FIG. 2). 
The slide calculation can be performed as follows. 
[0084] For instance, when an inclination for T seconds (s) 
is determined at a slide lap rate 90%, firstly, the peak value 
of the maximum Lyapunov indexes during 0 (s) to T (s), and 
the inclination to a power value in the time base is deter- 
mined by a least-square approximation method. Then, 
respective inclinations in the following equations are deter- 
mined by the least-squares approximation method, 

during T/10 (s) to T+T/10 (s), slide calculation (1): 

during 2x1710 (s) to T+2xT/10 (s), slide calculation (2): 

during nxT/10 (s) to T+nxT/10 (s). slide calculation (n): 

[0085] In order to grasp the characteristics of the maxi- 
mum Lyapunov indexes and the power values during a 
certain time period broadly, 180 seconds is the best suited 
for the sampling time interval (T seconds) at the time of a 
slide calculation, and 90% of the slide lap rate is best suited. 
The results are obtained from sleeping experiments for 30 
minutes under the same conditions for several testees, col- 
lecting and analyzing finger-tip volume pulse waves. FIGS. 
3A to 5B show one of the examples. 
[0086] FIGS. 3A to 3E show the inclinations of the maxi- 
mum Lyapunov indexes and the inclinations of the power 
values, by taking the sampling time intervals for the incli- 
nation calculation as 60 seconds, 120 seconds, 180 seconds, 



240 seconds, and 300 seconds, and by taking the slide lap 
rate at a unified value of 90%. FIG. 5A shows the results of 
frequency analysis. Note that, in the drawing, "a" denotes 
the amplitude of the falling asleep warning signal, "b" 
denotes the amplitude of signals in transition from the 
appearance of the falling asleep warning signal to sleep, and 
"c" denotes the amplitude of the sleeping signal during 

[0087] In each case, a wave height coefficient of a discrete 
signal of inclination: Cf=Xp/Xs (where Xp shows a maxi- 
mum amplitude of the indication signal, Xs shows an 
amplitude of a signal in a steady state before or after 
generating the indication signal) is determined from time 
series signals of respective indication signals (here, falling 
asleep warning signal a, transition state signal b, and sleep- 
ing signal c), and a condition under which characteristics of 
the inclination appear in a best sensitivity is determined 
from the above-described value. The results are shown in 
FIG. 3F. From this drawing, it is understood that 180 
seconds is most sensitive as a time interval to calculate the 
inclination. The reason to establish a center value at 180 
seconds is because emission frequency of command in the 
muscle activity due to fatigue is carried mainly by the 
peripheral reflection mechanism in the muscle. In other 
words, it is thought that it is related to the fact that though 
the command in the muscle activity is reduced due to 
attenuation of excitability in the upper level central nervous 
system and participation of peripheral restrictive reflection 
mechanism, the central excitation level is restored in 180 
seconds when the bloodstream returns to normal. 
[0088] Whereas, the slide lap rate is calculated from 70% 
to 95% in the case of sampling time interval 1 80 seconds. As 
for less than 70% of the slide lap rate, since the time series 
signals become less frequently, the calculation is omitted. 
FIGS. 4A to 4D show the result, and FIG. 5D shows the 
frequency analysis result. From these drawings, it is found 
that noise is low when the slide lap rates are at 90% and 
95%, but when a graph in FIG. 4E showing the wave height 
coefficient is referred, the sensitivity is the highest at 90% of 
the slide lap rate. From this fact, time interval 180 seconds 
and slide lap rate 90% which can pick up the indication 
signals a, b, c clearly are most preferable conditions for 
extracting suitable information. 

[0089] Note that the above-described result is for the case 
of experiment time 30 min., whereas in the case of experi- 
ment time 180 min, as shown in FIGS. 6A and 6B, the 
indication signals a, b, c can remarkably extract the char- 
acteristics when 1 80 seconds time interval and 90% slide lap 
rate are used. 

[0090] From these results, in the inclination calculating 
means 25, the best way to determine the inclination is to 
determine the rate of change of the maximum Lyapunov 
indexes for 180 seconds and the rate of change of the power 
values for 180 seconds by the least-squares method, and to 
determine the inclination for 180 seconds with 18 seconds 
thereafter as a starting point by the least-squares method. 
[0091] As frequency bands of the circulatory living body 
signal are concentrated on the frequency band at 10 Hz or 
less. They are 0.25 to 0.33 Hz for breathing, 0.83 to 1 .1 7 Hz 
for heart beat, and 0.5 to 10 Hz for pulse wave. In the 
conventional pulse wave analysis, information such as hard- 
ness of the blood vessel, blood viscosity, and the like is 
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obtained from analysis from the wave form pattern of the 
pulse wave, and noise having the frequency band at 10 Hz 
or more is treated by providing a low pass filter. However, 
it is difficult to control an effect caused by mixing of noise 
having a frequency band at 1 0 Hz or less, and a site to collect 
pulse wave analysis is limited. On the other hand, a finger- 
tip volume pulse wave collected in a car or in an environ- 
ment where body movement occurs is generally vibration 
excited by an irregular vibration source, and it is not 
practical to detect the degree of driver fatigue if the effect of 
noise under an irregular vibration source is not reduced. 
However, the above-described treatment is carried out, and 
by establishing a structure to grasp a broad trend change of 
the inclinations of the power values and maximum 
Lyapunov indexes, the effect of noise can be reduced. 
[0092] In other words, it is possible to prevent mixing of 
noise, and to precisely collect the low frequency fluctuation 
by a method of determining the differential coefficients 
(inclination) of the maximum Lyapunov indexes and power 
values of original waveform of the living body signals such 
as finger-tip volume pulse wave or the like by performing 
slide calculation a number of times. 
[0093] The comparing and determining means (comparing 
and determining step) 26 compares the inclination of the 
power values obtained by the inclination calculating means 
25 with the inclination of the peak values in the maximum 
Lyapunov indexes to determine the appearance of a fatigue 
signal. Whether it is a fatigue signal or not is determined by 
recognizing the appearance of characteristic signal group 
stably showing a phase difference of about 180° (opposite 
phase) between both among the time series signals when the 
inclinations of the power values and maximum Lyapunov 
indexes are plotted on the time base of the same graph from 
later-described test result. The time when such a character- 
istic signal group appears in a later-described test is consis- 
tent with a timing which can be recognized as the onset of 
fatigue or drowsiness when self-declared comment by a 
testee, comment by an observer, and video tape record are 
totally compared. 

[0094] It should be noted that in a range stably showing a 
phase difference of about 180°, fatigue signal indicating 
fatigue and falling asleep warning signal showing indicating 
the onset of sleep are mixed. However, from a later-de- 
scribed test result, when the sleeping signal at the time of the 
onset of sleep (at the time of immediately after sleeping and 
thereafter) is taken as a criterion in the inclination of the 
power values, the above-described characteristic signal 
accompanying a phase difference of about 180° appearing 
just before that time becomes remarkably small in change 
thereafter at a large amplitude as much as twice or even 
greater than that of the sleeping signal, whereas in charac- 
teristic signals accompanying a phase difference of about 
180° appearing at other timings, a difference in amplitude of 
the inclination of the power values to a signal in front and 
behind thereof was relatively small. In other words, since the 
falling asleep warning signal appears while resisting to 
sleep, it significantly differs from time series signals existing 
in front and behind thereof. However, a fatigue signal 
generated from peripheral fatigue, and central fatigue exists 
in large periodicity like a roar. Therefore, the former is 
determined as a falling asleep warning signal, and the latter 
is determined to be a fatigue signal, so that both are 
distinguished. It should be noted that the falling asleep 



warning signal is a signal showing the state of falling asleep 
latency which is a point of destination of the fatigue, and a 
kind of signal showing fatigue. Therefore, according to the 
present embodiment, it is possible to determine a kind 
whether the signal relating to fatigue in a broad sense is a 
fatigue signal or a falling asleep warning signal. 

[0095] The comparing and determining means (comparing 
and deterniining step) 26 includes a fatigue state determin- 
ing means (step). The means is to perform frequency analy- 
sis of inclination change of the power values and inclination 
of the maximum Lyapunov indexes appearing in time series. 
It is determined from the test result described later to be 
central fatigue lo predominant when the power spectrum of 
inclination of the maximum Lyapunov indexes is large, and 
to be peripheral fatigue predominant when the power spec- 
trum of inclination of the power values is large. Through this 
determination, it is possible to determine the cause of the 
generation of the extracted fatigue signal to be due to 
peripheral fatigue or central fatigue. 

[0096] The fatigue degree calculating means (fatigue 
degree calculating step) 27 has a structure to estimate an 
amount of energy metabolism by calculating an integral 
value through absolute value treatment of time series signal 
of power value inclination obtained from the power value 
inclination calculating means in the inclination calculating 
means 25, and to calculate the integral 20 value as the degree 
of fatigue (degree of progress in fatigue). The structure is 
based on the fact that the amount of energy metabolism links 
together with the degree of fatigue. With this means, it is 
possible to objectively grasp the degree of fatigue, and 
comprehensively evaluate together with a point of time to 
detect a fatigue signal or a falling asleep warning signal by 
the above-described comparing and determining means 26, 
so that it is possible to determine whether or not to alert, for 
instance, a driver. Furthermore, since the fatigue degree can 
be quantified, it is possible to make a driver aware himself 
of whether a rest is necessary or not. 

[0097] The above-described embodiment includes the 
maximum Lyapunov index calculating means (maximum 
Lyapunov index calculating step), the maximum Lyapunov 
index peak value detecting means (maximum Lyapunov 
index peak value detecting step), the living body signal peak 
value detecting means (living body signal peak value detect- 
ing step), the power value calculating means (power value 
calculating step) and the inclination calculating means 
(inclination calculating step), and in addition, the comparing 
and determining means (comparing and determining step). 
Therefore, the above-described embodiment includes both 
functions of a fatigue degree measurement device and a 
fatigue detection device. When measuring the degree of 
fatigue, it is preferable to have a structure to detect timing 
to generate a fatigue signal except a quantitative value of the 
degree of fatigue, so that it is possible to effectively control 
me timing of generation of a warning to a driver by a 
warning device, or the like. However, it is also possible to 
form a fatigue detection device by providing a comparing 
and determining means to a structure without a fatigue 
degree calculating means. 

[0098] A computer program of the present invention to be 
structured including the maximum Lyapunov index calcu- 
latiag means (maximum Lyapunov index calculating step), 
the maximum Lyapunov index peak value detecting means 
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(maximum Lyapunov index peak value detecting step), the 
living body signal peak value detecting means (living body 
signal peak value detecting step), the power value calculat- 
ing means (power value calculating step), the inclination 
calculating means (inclination calculating step), the com- 
paring and determining means (comparing and determining 
step), and a fatigue degree calculating means (fatigue degree 
calculating step) can provide by storing into a recording 
medium. "A recording medium" is a medium to carry a 
program which cannot occupy a space by itself, which is, for 
instance, a flexible disk, a hard disk, a CD-ROM, a MO 
(magneto-optic disk), a DVD-ROM, and so on. It is also 
possible to transmit from a computer to install a program 
according to the present invention to another computer via 
a telecommunication line. It is possible to form a fatigue 
degree measurement device or a fatigue detection device 
according to the present invention by preinstalling or down- 
loading the above-described program to a general-purpose 
terminal device. 

TEST EXAMPLE 

(Fatigue Experiment with Short Time Seating and the Result 
thereof) 

[0099] Short time seating experiments for 5 to 30 minutes 
were carried out with 13 male testees. FIGS. 7A and 7B 
show 30 minutes time series change of the inclinations of the 
power value and the maximum Lyapunov indexes of one of 
the tcstccs. FIG. 7A shows data at the time when the tcstce 
is seated in a round-shouldered posture, and FIG. 7B shows 
data at the time when the same testee is seated on the same 
seat in a forced posture. Note that the round-shouldered 
posture is a posture to support without using muscle force 
and to support the posture with a ligament, while the forced 
posture is a posture to support the posture throwing out the 
testee' s chest using the muscle force. Since, in general, the 
round-shouldered posture is the state of little muscle fatigue, 
central fatigue is predominant. The forced posture is periph- 
eral fatigue predominant. 

[0100] When studying the time series signal in FIGS. 7A 
and 7B, it is found that a change rate in inclination of the 
power value is gradually decreased, and inclination of the 
maximum Lyapunov indexes is also tending to decrease 
while fluctuating in the round-shoulder posture with central 
fatigue predominant in FIG. 7A. A fatigue signal is gener- 
ated at the early stage of the experiment, and it is read that 
the testee became accustomed to the experiment in the latter 
half of the experiment, staying mentally and physically in a 
relaxed state. Whereas, in the forced posture with peripheral 
fatigue predominant in FIG. 7B, both respective inclinations 
of the power values and maximum Lyapunov indexes tend 
to increase, which is thought that the fatigue degree 
increases non-linearly, and physical and emotionally 
fatigues are generated due to strain and posture-sustaining. 
Accordingly, in the comparing and determining means (step) 
26, when the respective inclinations of the power values and 
maximum Lyapunov indexes show a tendency similar to the 
former, the means is preferably set to determine that central 
fatigue is predominant, and when showing a tendency simi- 
lar to the latter, it is set to determine that peripheral fatigue 
is predominant. 

[0101] FIGS. 8A and 8B show the result of frequency 
analysis of the round-shoulder posture and forced posture in 



FIGS. 7A and 7B. From the drawings, it is found that in the 
state of central fatigue predominant, the power spectrum of 
inclination ol the maximum Lyapunov index is large, while 
in the state of peripheral fatigue predominant, the power 
spectrum of inclination of the power values tends to become 
large. Accordingly, in the comparing and determining means 
(step) 26, it is preferable to have a structure to determine 
whether it is central fatigue predominant or peripheral 
fatigue predominant by comparing to find which power 
spectrum of inclination is larger from such a frequency 
analysis. 

(Fatigue Experiment with Long Time Seating) 
[0102] A 3-hour static seating experiment, and a 3-hour 
seating experiment under random excitation including pass- 
ing across a protrusion, which generates impact vibration of 
2.0 G in P-P value of amplitude at 1 .3 Hz collected using a 
wagon type car in Michigan, U.S.A. were performed. Three 
male testees were all 20 to 30 years old and in the state of 
10 to 15 minutes falling asleep latency. The time zone was 
from one to four pm. 

[0103] For the experiment, used were a bucket type car 
seat (posture-sustaining type seal) regarding posture sustain- 
abilily as important, having high supportability of the lum- 
ber vertebra and ischium node, and rather hard cushioning 
property to easily sustain a final stable posture, and a body 
pressure dispersing type car seat (body pressure dispersing 
type seat) having rather soft cushioning property, expanding 
a contact area, and reducing the peak value of the body 
pressure while taking the above-described posture sustain- 
ability as a base. 

(Result of 3-Hour Static Seating Experiment) 
[0104] FIGS. 9A and 9B show time series changes of the 
inclinations of the power values and maximum Lyapunov 
indexes of a person among the testees for 3 hours. FIG. 9 A 
shows for the case of seating on the body pressure dispersing 
type seat, and FIG. 9B shows for the case of seating on the 
posture-sustaining type scat. 

[0105] T-Fl, T-F2, T-F3, and T-Fs in FIG. 9A and S-Fl, 
S-F2, S-F3, S-F4, and S-Fs in FIG. 9B show signal groups 
in which the above-described characteristic signals 
appeared. Among them, since the absolute values of T-Fs 
and S-Fs are small compared with other signals, and change 
of the inclination of the power values after that becomes 
small, they are identified as the falling asleep warning 
signals. It can be determined that instantaneous sleep occurs 
140 minutes after the falling asleep warning signal. This is 
considered that the falling asleep warning signal is in a 
dangerous region in terms of a fatigue curve, and since the 
amplitude of the signal becomes small, though its wave 
height coefficient rapidly increases, its absolute value 
becomes small. In contrast, in T-Fl, T-F2, T-F3, S-Fl, S-F2, 
S-F3, and S-F4, the amplitude tends to increase and their 
absolute values are great. 

[0106] Accordingly, since these signals have characteris- 
tics different from the falling asleep warning signals, they 
are determined to be fatigue signals. Whereas, as seen in the 
body pressure dispersing type seat, when the amplitude of 
the fatigue signal decreases, rhythm is stabilized, and it 
approaches to a steady state, it can be determined that the 
central fatigue is predominant, by referring to the result in 
FIGS. 7A and 7B. 
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[0107] FIG. 10A is a view showing frequency analysis of 
the inclination of the power values, and frequency analysis 
of the inclination of the maximum Lyapunov indexes of the 
body pressure dispersing type seat in FIG. 9A, while FIG. 
10B is a view showing frequency analysis of the inclination 
of the power values, and frequency analysis of the inclina- 
tion of the maximum Lyapunov indexes of the posture- 
sustaining type seat in FIG. 9B. 

[0108] FIG. 11A shows respective fatigue degrees of the 
body pressure dispersing type seat in FIG. 9A and the 
posture-sustaining type seat in FIG. 9B by absolute value 
treatment of time series signals of the power value inclina- 
tion and calculation as integral values. FIG. 11A also shows 
graphing of respective sensory evaluation values together 
with the fatigue degrees (calculated values). Note that the 
sensory evaluation values are shown based on Borg index 
(refer to "Seat Sensory Quality Evaluation", The Society 
Automotive Engineers of Japan, Academic Lecture Meeting, 
Preprint Collection, No. 91-99, 21-24, 2002). Whereas, FIG. 
11B shows qualitative evaluation of the posture-sustaining 
type seat on the basis of the body pressure dispersing type 

[0109] It is recognized from FIGS. 11A and 11B that the 
fatigue curve shown by the fatigue degree (calculated value) 
determined with the fatigue degree measurement device 
according to the present invention) and the fatigue curve 
based on the sensory evaluation value are quite similar to 
each other in qualitative trend, so that the fatigue degree can 
be shown quantitatively and objectively by the fatigue 
degree measurement device according to the present inven- 
tion. 

[0110] When considering the frequency analysis in FIGS. 
10A and 10B and the fatigue curves in FIGS. 11A and 11B, 
it is recognized that the body pressure dispersing type scat 
has high posture sustainability and can easily follow posture 
change so that a testee can continue seating in a relaxed 
state. Furthermore, the frequency analysis of the inclination 
of the maximum Lyapunov indexes shows the fatigue signal 
in increasing trend and instantaneous sleep due to central 
fatigue starts about 140 minutes after start of the experiment 
(see FIG. 9A), but since respective steps of the frequency, 
analysis of the inclination of the power values and the 
fatigue curves move nearly linearly, it is found that the body 
pressure dispersing type seat affords less feeling of fatigue. 

[0111] On the other hand, in the posture-sustaining type 
seat, the muscle of the testee supports the posture, and a very 
favorable feeling of seating is shown until 30 minutes, but 
a feeling of fatigue rapidly develops from after 30 minutes 
when muscle fatigue starts, and the fatigue signals are 
generated intermittently. In other words, the testee starts 
instantaneous sleeping 140 minutes after the start of the 
experiment even on this seat, but since the amplitude of the 
fatigue signals are in increasing trend, it is assumed from the 
fatigue curve for 120 to 150 minutes that it is instantaneous 
sleep due to physical fatigue and reduction of the fatigue 
degree is after instantaneous sleep and body motion (refer to 
FIG. 9B, and FIGS. 11A and 11B). It is also understood from 
the frequency analysis of the inclination of the power value 
in FIG. 10 that more energy is consumed compared with the 
body pressure dispersing type seat. From the frequency 
analysis of the inclination of the maximum Lyapunov 
indexes, since fluctuation of the fatigue signals has an 



increasing tendency, it is considered that the testee is 
strained and in high mental excitement. 
[0112] Thus, the present invention can be used for objec- 
tive evaluation of a seat from its fatigue curve obtained by 
calculating the fatigue degree, and frequency analysis of the 
inclinations of the power value and maximum Lyapunov 
indexes. 

(Result of 3-Hour Seating Experiment under Random 
Excitement) 

[0113] FIGS. 12A, 12B, and 12C are views showing 
3-hour time series change of the inclinations of the power 
value and maximum Lyapunov indexes of one testee among 
the testees. FIG. 12A shows a case of seating on a body 
pressure dispersing type seat, and FIG. 12B shows a case of 
seating on a posture-sustaining type seat. 
[0114] FIG. 13A is a view showing frequency analysis of 
the inclinations of the power values and maximum 
Lyapunov indexes of the body pressure dispersing type seat 
in FIG. 12A, while FIG. 13B is a view showing frequency 
analysis of the inclinations of the power values and maxi- 
mum Lyapunov indexes of the posture-sustaining type seat 
in FIG. 12B. 

[0115] FIG. 14A shows respective fatigue degrees of the 
body pressure dispersing type seat in FIG. 12A and the 
posture-sustaining type seat in FIG. 12B by absolute value 
treatment of time series signals of the power value inclina- 
tion and calculation as integral values. FIG. 14A also shows 
graphs of respective sensory evaluation values together with 
the fatigue degrees (calculated values). FIG. 14B is the 
fatigue curve evaluating the fatigue degrees (calculated 
values) and the sensory evaluation values of the body 
pressure dispersing type seat on the basis of the posture- 
sustaining type seat. 

[0116] In the fatigue curves in FIG. 14A, the degree of 
fatigue shown by the calculated value and the sensory 
evaluation value is nearly consistent for the body pressure 
dispersing type seat till 150 minutes and for the posture- 
sustaining type seat till 1 20 minutes. The difference from the 
sensory evaluation value after 120 minutes is due to the 
effect of lumbago caused by the beating by the seat back 
against the waist portion caused by vertical vibration, and 
the difference from the sensory evaluation values after 150 
minutes is considered due to numbness. When seeing FIG. 
14B on this point, a qualitative trend of the calculated values 
and the sensory evaluation values are well consistent with 
each other till 150 minutes, but it shows a tendency of 
dissociation after 150 minutes. FIGS. 12A and 12B shows 
that in the case of the posture-sustaining type seat, changes 
of the inclinations of the power values and maximum 
Lyapunov indexes are extremely restrained. This is consid- 
ered to be because that a testee on the posture-sustaining 
type seat is kept seated bearing a pain. Note that signal in 
which the inclination of the maximum Lyapunov indexes is 
shaken completely among the time series signals shows 
rxcurring of body movement. 

[0117] It is said from FIGS. 13A and 13B that the body 
pressure dispersing type seat shows linearly fatigue changes 
within the time of experiment, the testee can seat in a 
suitable fluctuation and a large fatigue promotion cannot be 
found. Whereas in the posture-sustaining type seat, testees 
use the muscle force in the early stage of experiment, and try 
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to recover using other muscles by body movement. How- 
ever, the muscle to sustain the posture is in the direction of 
convergence, and a feeling of fatigue is seen to be rapidly 
increased. 

(Seating (Sitting Posture) Vehicle Driving Experiment) 

[0118] The experiment is carried out on a driver's seat and 
a passenger seat using a sedan type vehicle. A testee on the 
driver's seat is a 40-years male in falling instantaneous sleep 
latency for 10 to 15 minutes, and a testee on the passenger 
seat is a 30-years female in falling asleep latency for 10 to 
15 minutes. The finger-tip volume pulse wave collected for 
3.5 hours from one thirty to five o'clock in the afternoon 
between Katsuragawa Parking Area (PA) in Meishin High- 
way to Kibi Service .Area (SA) in Sanyo Highway, and Kibi 
SA to Kodani SA. Both of the testee on the driver's seat and 
the testee on the passenger seat executed two-hour driving 
before starting the experimental driving. 
(Result of Seating (Sitting Posture) Vehicle Driving Experi- 
ment) 

[0119] FIGS. 15A and 15B show time series signals of the 
inclinations of the power value and maximum Lyapunov 
indexes of the testee on the driver's seat, and FIGS. 16Aand 
16B show frequency analysis of the inclinations of the 
power values and maximum Lyapunov indexes in FIGS. 
ISA and 15B. From this result, it is found that in the testee 
on the driver's seat, awakening and fatigue are periodically 
generated for 100 minutes when driving from Katsuragawa 
PA to Kibi SA, and the state of awakening in a medium 
degree is kept. Then, physical fatigue is generated from 75 
minutes to 90 minutes, and adaptability is enhanced due to 
strain. This point can be presumed from the fact that the 
power spectrum of the inclination of the maximum 
Lyapunov indexes found in the result of the frequency 
analysis in FIGS. 16A and 16B becomes large. 

[0120] The second fatigue is generated 40 minutes after 
resumption of the driving during driving between Kibi SA 
and Kodani SA. In this fatigue, as shown in the result of the 
frequency analysis, no increase in the power spectrum of the 
inclination of the power values is seen, and as understood 
from the fatigue curve shown by the arrow a in FIG. 19A, 
the fatigue degree is lower than the time of driving between 
Katsuragawa PA to Kodani SA. That is, from these results, 
the central fatigue is presumed to be predominant, and it is 
adapted to the central fatigue by strain. Note that this central 
fatigue is restored after 10 minutes. 
[0121] Both observation and self-declaration are in agree- 
ment on this point. 

[0122] From the frequency analysis in FIGS. 16A and 
16B, inclination of the power values is in increasing trend 
between Katsuragawa PA and Kibi SA, and it is found that 
driving is carried out using physical strength with relatively 
relaxing. On the other hand, fatigue is generated at mid point 
between Kibi SA and Kodani SA, but strain is enhanced to 
cope with a feeling of fatigue. In other words, the testee on 
the driver' s seat is supposed to drive using physical strength, 
and when fatigue is developed, the testee generates rhythm 
with mental strength to cope with the fatigue. 
[0123] FIG. 17 shows time series signals of the inclina- 
tions of the power values and maximum Lyapunov indexes 
of the testee seated on the passenger seat. The testee was in 



a fatigue state due to driving for two hours before collecting 
the living body signal. This is presumed from rapid rise of 
the fatigue curve shown 5 minutes after leaving Kat- 
suragawa PA as shown by an arrow b in the fatigue curve in 
FIG. 19B. A falling asleep warning signal and instantaneous 
sleep are generated between 90 minutes to 100 minutes. It is 
supposed to be developed by accumulated physical fatigue 
together with central fatigue, because the result of the 
frequency analysis in FIGS. 18Aand 18B show both of high 
level power spectrums of the respective inclinations of the 
power values and maximum Lyapunov indexes. Instanta- 
neous sleep appeared about 5 minutes after generating a 
falling asleep warning signal, the testee temporarily restored 
and took a rest at Kibi SA. After driving again, a second 
falling asleep signal is developed 40 minutes thereafter. 
Then, instantaneous sleep is developed 5 minutes thereafter, 
and the driving state is shifted to the state of awakening. It 
is understood that the testee is in a fatigue state in general 
from the rate of increase and decrease in amplitude of the 
power values of the time series signals to the time to keep 
the opposite state. Incidentally, adaptability of the testee is 
increased after the instantaneous sleep between Kibi SA and 
Kodani SA, mental strength is enhanced due to expectation 
of homing, which results in restoring from a feeling of 
fatigue. This point can be recognized from the frequency 
analysis in FIGS. 18Aand 18B. Moreover, observation was 
in agreement with comment by the testee. 

[0124] Whereas, FIGS. 19A, 19B, and 19C show calcu- 
lated fatigue degrees. FIG. 19A is the fatigue curve of a 
testee on the driver's seat. FIG. 19B is the fatigue curve of 
a testee on the passenger seat and FIG. 19C is a view in 
which both fatigue curves are overlapped. From this fatigue 
curves, it is understood that the transition tendency to fatigue 
degree due to difference in physical strength between male 
and female, in driving or not in driving, or a difference in 
mental conditions such as expectation of homing or the like 
is well grasped. FIG. 20 shows comparison of wave height 
coefficients among falling asleep signals, fatigue signals, 
and sleep signals by the vehicle driving experiment. The 
wave height coefficient is in a relatively high level because 
the experiment is in an environment to receive external 
stimuli. 

[0125] Moreover, change of the fatigue degree expressed 
by calculation in FIGS. 19A, 19B, and 19C are in good 
agreement with the feeling and comment of the testees, 
which proves that calculation of the fatigue degree accord- 
ing to the present invention is effective in the case of driving 
actual cars. 

(Lumbago Acceleration Short Time Seating Experiment) 

[0126] The experiment is carried out by three male testees 
with different physiques using a seat in which tip urefhane 
of 30 mm in thickness is put on the seat cushion, and a 
detachable and thickness-adjustable urefhane is placed on a 
lumber vertebra supporting portion on the seat back. Char- 
acteristics of the three testees are a muscular type testee, a 
lumbago carrying testee, and a leptsome testee. The experi- 
ment is performed while changing the following three kinds 
of postures: the free posture without a back rest, the posture 
similar to the spinal curve when standing (natural driving 
posture) and the posture stressing waist overhang 



US 2007/0078351 Al 



Apr. 5, 2007 



(Result of the Lumbago Acceleration Short Time Seating 
Experiment) 

[0127] FIGS. 21A, 21B, and 21C show frequency analysis 
and fatigue curves of the inclinations of the power values 
and maximum Lyapunov indexes in the present experiment. 
FIG. 21A shows data for the muscular type testee, FIG. 21B 
shows data for the lumbago carrying testee, and FIG. 21C 
shows data for the leptsome testee. From these drawings, it 
is understood that in the case of the lumbargo carrying 
testee, not like the two other testees, the fatigue degree rises 
at an early stage, and in the case of no backrest, the testee 
bears an ache. The muscular testee and leptsome testee show 
a relatively stable state irrespective of difference in the 
method of supporting posture by the seat. Especially, it can 
be seen that the muscular testee can sustain his posture with 
back muscles and abdominal muscles. Incidentally, the 
fatigue degree differs in progress of the fatigue by their 
physical strengths. These points were in good agreement 
with comment by the testees. 

[0128] Accordingly, in this experiment, it is understood 
that the detection of fatigue and the measurement of fatigue 
degree according to the present invention can show the 
fatigue and the fatigue degree objectively and quantitatively. 

INDUSTRIAL APPLICABILITY 
[0129] As described above, the present invention is pos- 
sible to quantify the degree of fatigue and objectively 
calculate not only central fatigue but also physical fatigue. 
It is also possible to determine the timing of creation of a 
fatigue signal and falling asleep warning signal, and their 
kinds from the state of time series signals of the inclinations 
of the power values and maximum Lyapunov indexes shown 
in the process of calculating the fatigue degree, and condi- 
tions of a frequency analysis. Accordingly, it is possible to 
make an arbitrary warning device function in the case of 
approaching the prescribed fatigue degree or in the case of 
detecting a fatigue signal or falling asleep warning signal, 
using these means. Furthermore, since the degree of fatigue 
can be displayed objectively and a fatigue signal and a 
falling asleep warning signal can be detected, it is possible 
to use the present invention for performance evaluation of a 
human seating seat or a bed. At the same time, it is also 
possible to use the present invention for a diagnostic device 
to grasp the user's state of mind and body in such a case. It 
is also conceivable to apply the present invention to execute, 
for instance, trouble checking of machinery by using a 
measurement device to detect minute vibration of a machine 
instead of the living body signal data. 
1. A fatigue degree measurement device, comprising: 
a living body signal peak value detecting means for 
detecting the peak value in each cycle of an original 
waveform of the living body signal data collected by a 
living body signal measurement device; 
a power value calculating means for calculating the 
difference between a peak value on the upper limit side 
and a peak value on the lower limit side for every 
prescribed time period from each peak value obtained 
by said living body signal peak value detecting means 
and for setting the difference as the power value; 

a power value inclination calculating means for determin- 
ing an inclination of said power values to the time base 



during the prescribed time period by slide calculating 
the prescribed times at a prescribed lap rate for the 
prescribed time period; and 
a fatigue degree calculating means for calculating an 
integral value by absolute value treatment of time base 
signal of power value inclination obtained from the 
slide calculation by said power value inclination cal- 
culating means to determine the obtained integral value 
as the degree of fatigue. 

2. The fatigue degree measurement device according to 
claim 1, 

wherein said living body signal peak value detecting 
means is a means to perform smoothing differentiation 
of the living body signal data to determine the peak 
value on the upper limit side and the peak value on the 
lower limit side for the width fluctuation of the wave- 
form with a predetermined threshold value. 

3. The fatigue degree measurement device according to 

wherein said power value calculating means is a means to 
calculate the difference between the mean value of the 
peak value on the upper limit side and the mean value 
of the peak value on the lower limit side within the 
prescribed time period range of the living body signal 
data as the power value. 

4. The fatigue degree measurement device according to 

wherein said power value calculating means is a mean to 
calculate the square value of the difference between the 
mean value of the peak value on the upper limit side 
and the mean value of the peak value on the lower limit 
side within the prescribed time period range of the 
living body signal data as the power value. 

5. The fatigue degree measurement device according to 

wherein the time interval used in the slide calculation in 
said power value inclination calculating means is 180 
seconds and the lap rate is 90%. 

6. The fatigue degree measurement device according to 
claim 1, further comprising: 

a maximum Lyapunov index calculating means for cal- 
culating the maximum Lyapunov index by chaos ana- 
lyzing said living body signal data; 

a maximum Lyapunov index peak value detecting means 
for detecting the peak value in each cycle of a time 
series change waveform of the calculated maximum 
Lyapunov index; 

a maximum Lyapunov index inclination calculating 
means for determining an inclination of each peak 
value of the maximum Lyapunov indexes obtained by 
the maximum Lyapunov index peak value detecting 
means to the time base during the prescribed time 
period by slide calculating the prescribed times at a 
prescribed lap rate for the prescribed time period, in 
addition to said inclination of the power value; and 

a comparing and determining means for determining as 
the generating point of a fatigue signal when the 
inclination of the power value obtained by slide calcu- 
lating using said power value inclination calculating 
means and the maximum Lyapunov index obtained by 
slide calculating using the maximum Lyapunov index 
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inclination calculating means stably show the phase 
difference of substantially 180° among time series 
signals. 

7. The fatigue degree measurement device according to 
claim 6, 

wherein said maximum Lyapunov index peak value 
detecting means is a means to perform smoothing 
differentiation of the time series change waveform of 
the maximum Lyapunov index to determine the peak 
value on the upper limit side and the peak value on the 
lower limit side for the width fluctuation of the wave- 
form with a predetermined threshold value. 

8. The fatigue degree measurement device according to 
claim 6, 

wherein the time interval used in the slide calculation in 
said maximum Lyapunov index inclination calculating 
means is 180 seconds and the lap rate is 90%. 

9. A fatigue detection device, comprising: 

a living body signal peak value detecting means for 
detecting the peak value in each cycle of an original 
waveform of the living body signal data collected by a 
living body signal measurement device; 

a power value calculating means for calculating the 
difference between a peak value on the upper limit side 
and a peak value on the lower limit side for every 
prescribed time period from each peak value obtained 
by said living body signal peak value detecting means 
and for setting the difference as the power value; 

a power value inclination calculating means for determin- 
ing an inclination of said power values to the time base 
during the prescribed time period by slide calculating 
the prescribed times at a prescribed lap rate for the 
prescribed time period; 

a maximum Lyapunov index calculating means for cal- 
culating the maximum Lyapunov index by chaos ana- 
lyzing said living body signal data; 

a maximum Lyapunov index peak value detecting means 
for detecting the peak value in each cycle of a time 
series change waveform of the calculated maximum 
Lyapunov index; 

a maximum Lyapunov index inclination calculating 
means for determining an inclination of each peak 
value of the maximum Lyapunov indexes obtained by 
said maximum Lyapunov index peak value detecting 
means to the time base during the prescribed time 
period by slide calculating the prescribed times at a 
prescribed lap rate for the prescribed time period; and 

a comparing and determining means for determining as 
the generating point of a fatigue signal when the 
inclination of the power value obtained by slide calcu- 
lating using said power value inclination calculating 
means and the maximum Lyapunov index obtained by 
slide calculating using said maximum Lyapunov index 
inclination calculating means stably show the phase 
difference of substantially 180° among time series 

10. The fatigue detection device according to claim 9, 

wherein said living body signal peak value detecting 
means is a means to perform smoothing differentiation 



of the living body signal data to determine the peak 
value on the upper limit side and the peak value on the 
lower limit side for the width fluctuation of the wave- 
form with a predetermined threshold value, and said 
maximum Lyapunov index peak value detecting means 
is a means to perform smoothing differentiation of the 
time series change waveform of the maximum 
Lyapunov index to determine the peak value on the 
upper limit side and the peak value on the lower limit 
side for the width fluctuation of the waveform with a 
predetermined threshold value. 

11. The fatigue detecting measurement device according 
to claim 9, 

wherein the time interval used in the slide calculation in 
said power value inclination calculating means and said 
maximum Lyapunov index inclination calculating 
means is 180 seconds and the lap rate is 90%. 

12. The fatigue detection device according to claim 9, 

wherein said comparing and determining means includes 
a fatigue state determining means for determining the 
state of fatigue based on the inclinations of power value 
and the maximum Lyapunov index appearing in time 

13. The fatigue detection device according to claim 12, 

wherein said fatigue state determining means includes a 
means to perform frequency analysis of the change in 
the inclinations of power value and the maximum 
Lyapunov index appeared in time series, and deter- 
mines a central fatigue predominant state when the 
power spectrum of the inclination of the maximum 
Lyapunov index is large, and a peripheral fatigue 
predominant state when the power spectrum of the 
inclination of the power value is large. 

14. A computer program to make a computer execute a 
process to measure the degree of fatigue by analyzing the 
living body signal data collected by a living body signal 
measurement device to measure a human living body signal, 
comprising: 

a living body signal peak value detecting step of detecting 
the each cycle peak value of the original waveform of 
said living body signal data; 

a power value calculating step of calculating the differ- 
ence between a peak value on the upper limit side and 
a peak value on the lower limit side for every pre- 
scribed time period from each peak value obtained 
from said living body signal peak value detecting step 
to set the difference as the power value; 

a power value inclination calculating step of determining 
the inclination of said power value to the time base 
during the prescribed time period by slide calculating 
the prescribed times at a prescribed lap rate for the 
prescribed time period; and 

a fatigue degree calculating step of calculating an integral 
value by absolute value treatment of the time base 
signal of the power value inclination obtained from 
slide calculation by said power value inclination cal- 
culating step to determine the obtained integral value as 
the degree of fatigue. 

15. A computer program to make the computer execute a 
process to detect fatigue by analyzing the living body signal 
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data collected by a living body signal measurement device 
to measure a human living body signal, comprising: 

a living body signal peak value detecting step of detecting 
the peak value in each cycle of the original waveform 
of the living body signal data collected by a living body 
signal measurement device; 

a power value calculating step of calculating the differ- 
ence between a peak value on the upper limit side and 
a peak value on the lower limit side for every pre- 
scribed time period from each peak value obtained 
from said living body signal peak value detecting 
means to set the difference as the power value; 

a power value inclination calculating step of determining 
the inclination of the power value to the time base 
during the prescribed time period by slide calculating 
the prescribed times at a prescribed lap rate for the 
prescribed time period; 

a maximum Lyapunov index calculating step of calculat- 
ing the maximum Lyapunov index by chaos analyzing 
said living body signal data; 

a maximum Lyapunov index peak value detecting step of 
detecting the peak value in each cycle of a time series 
change waveform of the calculated maximum 
Lyapunov index; 

a maximum Lyapunov index inclination calculating step 
of determining the inclination of each peak value of the 



maximum Lyapunov indexes obtained by said maxi- 
mum Lyapunov index peak value detecting step to the 
time base during the prescribed time period by slide 
calculating the prescribed times at a prescribed lap rate 
for the prescribed time period, and 

comparing and determining step of determining as the 
generating point of a fatigue signal when inclination of 
the power value obtained by slide calculating using said 
power value inclination calculating step and the maxi- 
mum Lyapunov index obtained by slide calculating 
using said maximum Lyapunov index inclination cal- 
culating step stably show the phase difference of sub- 
stantially 180° among time series signals. 

16. The computer program according to claim 15, 

wherein said comparing and determining step includes a 
fatigue state determining step to perform frequency 
analysis of the change in inclination of the power value 
and of the maximum Lyapunov index appearing in time 
series, and determines to be a central fatigue predomi- 
nant slate when the power spectrum of the inclination 
of the maximum Lyapunov index is large, and to be a 
peripheral fatigue predominant state when the power 
spectrum of the inclination of the power value is large. 
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(54) SEAT WITH LUMBER SUPPORTING FUNCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
seat with an adjuster capable of changing 
the shape of a backrest into a given one 
simply upon seating and returning the 
shape of the backrest into an old one simply 
upon unseating. 

SOLUTION: The seat is provided with an 

IS' 

adjusting mechanism for adjusting the 
shape of the backrest of the seat having a iv- 
cushion and the backrest. The adjusting 

mechanism has a backrest shape adjuster v_| — | — ^ — \ i ' 

is ia an 17 

incorporated into the backrest for expansion 

and contraction in order to change a back pad constituting the backrest and a 




first switch for changing the backrest shape adjuster for expansion or 
contraction, that is, for changing the backrest shape adjuster for expansion when 
a load is applied to the cushion during seating and for changing the backrest 
shape adjuster for contraction when the load is not applied to the cushion. 
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a £> tf KEE^j-tr y-t-fe J; If X-T -y •r-W'.i'-j!-:),^^ 

mmt, immmc^xit, #*B8g, x7*x7/< 

■y ? 5 i 3 K # y 7°^lgft L , JE2Hz y ■9— 
§I7/Vy 7> 6 5 cfc 3 (C # 7 7°£» L, 
[0 0 13] ttt, A.y^bXhJg«PSf5SW±, 
XF*«fi!tU /W^UXFfc^Sft^-y^/^y F 

*ff±f*ff±x-ryf-*^€r. ca, ffitx^y^ 1 
SiSPWO ^ -f tiA« , ^ KSI5 i: § J: 5 KJR 0 ft 

m % m-<Dg&. *>- £ tf snw # s 1 1 &&tiLW\c h % 
[oo 1 4] ±ia^-fno)*jg(cfc^Tfe, s-ox^ 

cd, k wjs-r s *: c s ksx »? ttw- nsffi— 

Oj^^^SCfctflSLK fg-cDX^y^Ri, 
* ffi t £ D , tfffi^ * y ~7 3 7 ^ -y F ft ffl L fc 1 £ , 
Sg-fc «t tf lg - OIR? tmm U coc:i:KJ:0/Vy^ 

[0 0 15] ±|2>W7U'XMi, MIC, A-y7UX 
[0 0 16] 



feOT?. S(/McaiS$nfc^>yyay2i:^-y^bXh3 

•yF2" UXF3&M-y7 7U-A 

llfcitf^ttfcJiOBfcftS/Vy^'W F3' 6^6 fl| 

£*^3a^<DMc3fflT3£^T#5o 
[0 0 17] *fgB^(DSEf±, 0 4t^^nTl/^J:5 
K:. ;W7l-Xh3tC, /^^y^/^-yF3' tDff^tt^Sx.?. 

a >2£DTgPt^S^X^'y^30^gaH?nSo 
[0 0 1 8] 0 5 a, A-y^yXh^ttiigpS«10»ti 
**M J f , 1"< - r*fc»K:. /W#UXb(DWSS&«<£> 

jb^cfc^tc, /^y^/^-y F3* tt. aSlfl=SO^y 
-All iClI^Mtt^ 
ft* jft / W * F WWSBlOtt C W * 7 1/ 

[0 0 19] ^>y^7U— AlHCti, /^>y £ UX h3<D 
/^y^/^y F3' «#rt«fcX***»0*:7'y >^12 

#-httl3cogfI(c, x7«^n§tliL, Sfm 
f 5 i: HXIS t T¥ifl(c ft § i7 / w y l \n-~m-tm. *) W 

[0 0 2 0] CCDX7/Vyyi4tf. X7^«*&sn5d 

die, F<0TffltfffiD±# 9, ffi/StcftO, 

[0 0 2 1 ] X7*e»&f 5fe*©x7#>'7l5t3<J:tf 

inc@s?nri/^o X7#>'7i5^?>/^7°i5' 

*-h*fl30ffffiC*-aT#tf. el©/^7°£E7'j-by 
■9—17, »il«^fl8WRDW7&nT^5. 
«#18^/>bT^^7°19^^- hgP#13^1JlLT 

[0 0 2 2] *-*16H:. «mfcHS*nftV^. ; &~ 

^i4t«a&i"* .t 5 tx7^y7i5^@feigS)U, me 

»Mfi©75rfi]t0?Et-?)i:t, X7%x7^<y ^14*^5 

Ptt§c);9tx7^y7l5^0l«t§o 

@^KitettS--<0^<0llI<Ei:flfiO^lRlOlHlKi:t±. 
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ftfc, ccTfflilt&mWte, t<fclBS&f*t>© 
[0 0 2 3] JE*j-fe>-9--17«, /V^"fc±»)jfilS?n 
<y ^14fr 6. Sfcfix7-*y ^14^©x7©?5itn£« 

K. fWtPax-y b20tf, : &tf SftTV^o c©ffiijfflia--y 

[0 0 2 5] ±l5SMiJ'e(±. >W*/<-y KO««%S 
(X 7° 'J > 7*1 2) fcOHKKttfctf, t\yt>\ 

v Yh^t^mommtnmz.mx^^\ cam 

[0 0 2 6] ^Tn©^#fc, JSS#©lffi«tgP*5fipT 
£5tf. MWIl^i, x7/W^ffi£*0#©ISffigl5 
ffj£KfeoTt, SS&*iW«y^<-y KoaiKt&tf, 

[0 0 2 7]iaOAMcl^nf:, 

ttwai«BioK*u^T. *«#i8*ihi#. *-*i6%- 

©tffaKlHligS-SSi:. X7407l5^e»x7/S'y^i4 

tcx7*w$n, x7^y*i4*K3fr£**z:i:tfT 

t*. x7/^rt«J±7Wm£©S^M±;^cftofci: 

yi4ttiBfibfc«IBfca»). K. Istttfi? 

T, /W?bXh£, 

t-rSCt^-efrSo C(D£51C, /Vy^Wh^lS 

[0 0 2 8] -tLT, Sfl£#l8fc0B£. t-^16%flfiO 
TjfafcHHSS-eSfc, X7/W^l4rt0x7*. x7^ 
>y ^OEWfiKOi^K K * 5 * ^. X7 4"° > 7° 
l5£J:D8mS-&3fc. x7/^-y ^Hii/cOttMXffi 

■yf U^hflD^*7CK:^-rilfc*^tSo C£><fc3 
K. 2 bX h*7Z<D&yifcWit t fO/Vy 2 l-X h 

[0 0 2 9] ||-©X^'y?-30:Jo£tf^:n©X^vf-4() 
{±. /^y 2 Hg«iWiSll*BSI»ff fc«afi6ff<0 

li. /W7l^Xh®«PIi1gfi£Ii 



[0 0 3 0] S-o^^-y^30O«|jsatt. BMfc^sn 
T^So ^— <DX-r>y^30cD*^31^, 7-y 3/3^2* 
*j£U * >y ^> a h**3aw* * y ^ a >7 u- 
A2' fcttOOttSntVSo <:©#f*31fc:ttJSf 3* 
r>3^y K2" OJSaWftHK:«fltt)T-32*^»){if*J6 

tt±. *f*3ii:gtt^-r, rf;«uT;«:,vi';}c/;pR*vj»^5 

fc, *#31ESfttf*t,flDT?**. 
[0 0 31] ^tt)t32^*f*31tStt-r§t, 3§-©X 
Jy+Mtimb, C<Dimicm-3^T, /W7UXh 
ff^tTOfifitfBMifl^ft >5 * t*3Wjm&< 

BtfiRffil&ft i: ft 9 . A «y * UX h 3{±te<d 

[0032] ceo j; o ic, mffiicmmtzmr, m 

tfilC&fflhtt i: ft 3 . t T l > 5 HttlffilSii^E & 
3#©IStl$fc#Ltttt5tf«gt;:&So fc53A,. C© 

5ti&%mc$. *)trtait\t\ Lrztf^T, wmmittw. 
'mM^iMmmicmMt c tT, mmc&%%<DEm 
m^vw tit r> , * o ttacna-r « c 

^, /W ^ ux h ««WIW«*JBJ«W*c»3MRif^ fciR 

[0 0 3 3] ^-fcj;tf : ^z:©X'i'-y^^#ty[i]ESEl^ 

[0 0 3 4] H^fCfe^K. H-(DX^-yf-30i:^-© 
X-f -y^40fi, $Wax-y HZOfcWBfcflOlBKIfcJiJKE 
■«tl. ^nex-f >y^30, 40*W?Wfctt»>S*5fc 

fecD« *j gi^. x -y f-5o^BBB$ nr ^ § o 

[0 0 3 5] CtD®roX^-y7 c 40«^-rv-g[541i:^ 

COTS 0 , SiM^cO^rBlEft t> 1 1 X^ >y f-42^g 
^•T5c ?^v-T2iiSWW{c^>y7UXhJ^ttliffiS 

■*iisaii(ifffc-r5«fiffl*i8^f « t><zn?a& o , m» 

o«fK t ft o fc i: § tc x *y ?42<Dfflgl*Mf&1r § » 

[0 0 3 6] «I»)S*»46»C{4-O(0«^A3. B3©»M 

ft* C fcT, 3&?47JC«flEA'<SSnS i:M^g^B3^P» 
A3E^]D§t)D. *?47E*»SA^tlftl/^, 

[0 0 3 7] »3.->y h20AWe>nTV> 

TS«t^ni.^--©X-r>yf-30Sfc(i^~COX-r-yf-4 
0, fcJ:tfff^-try^-*^©fH#ES^^T^-^l6 
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[0 0 3 8] WOf^X-f-y^SOtCj^T, £— fiD*W 
•y ^30*iB#? Ltzt^(DM^. m& *#H8 LTtttWf 

[0 0 3 9] CCDTOCcfcO, Xf-y^SOtCfcl^T. ft 
£A1. BlfcSfcljSnSo ^f-y^OttftJ*)* 

>y -> a >^-y Ktcte^ffiftWfJ LT*5e>f, X-T -y ^30 
©&ttfr32«#tt31fcattLT^&<,\, COtt, XY 

»^--yh20«, «5M#18, *-*16*f^»?^& 

[0 0 4 0] mffilcM&CtT*, tvi/ayrty KKffi 

Mtfftffl-r s t , x ^ >y ^3ooa«iit32{i*f*:3i * mm 

t%o C<Db%, ^-f«yf-30E*l/^T»jaB2fcSH*S 
n, »a->y b20ti, /Vy^UXh««HI[5SHlO^ 

#18*IW«'r« 1 1 fcfc*-* l60@K*ff±**«. 

if. Ufctf-aT. /Vy^UXhii*§#OKtl^to 

[0 0 4 1 ] ttJ»*»6ltn*i:, ^fay/WHtK 
IWffl tft < * 0 , X-f -y f-30OSEtt/t3Zti*ft31*> 

x7/Wyrt<DJ±^#\ *<D?i&<D&iS.tM%.-£ 
ft, ¥±ii:&SJ±7: GI^HlE) t&^/c^ttc^- 

«, LfctfoT>Vy*UXh0^tt»7£fcMS. 
[0 0 4 2] WDBAX-fy^-HHCfc-aT. ^-©X-Y 

[0 0 4 3] dtDSHKCiD, XY-y^50tc*5^T, Jg 
£al, blKgg&SnSo ^bT, XYv-gtf41CDXYv 
-Tl» 3l!&ft<£>B#IH**-f t , X^T-y ^-42«git?n 

A3KSiK$nSo C©i:£l±, >y hZOtt/t-y X 

fttftsT, / W x bX Mitf 3 #©8B*63P* L o U 4: 
[0 0 4 4] fit, S5K*>fV-T2*<iRltilffff)^ 



•y F©»#Rtf7ClcR5o 

[0 0 4 5] *>fv-Tifi±tmfc<fc5,l&miratf£'i: 
x7M'-y^i4©)im iR*fif%ai55iU L/c 
*bt, /<-y * bX hC^fcOfflflftMWD&SnSo 
[0 0 4 6] 06, 7fc5S2nfcI'.'J&BU±. iB-©X-r 

f-ttfctcfix.i.^, ffilfJSWKfoT, 253-cOXY-y 
^ f fc iiSSr ©X Y -y ^£ WfiT-ff it^^^ti. 

[0 0 4 7] /Vy * UX h®ttpgpaH©fto^iJ«S^ 

[0 0 4 8] 0 8te, ffitf>/W*UXH15ttfBS|JfiH70 

^ftfcfiJffigl^U H9ti, A>y^UXhff^IIIfig 

mtJg»-r^^A^^ofcffiW2afcJ;tf72bi:, ffilj 
SPOH fcffiSlgPfcW LTSlt 1 5: &«g£73 1 ^rWf-§ 7 
-Z>aWffiuf*71 ^iU^nt^S. JS»3P72a«05fe«B7 
2a' tt/'?y^7U-AllK^oTfftf. /W7 71-- 

5„ ISKS|572bO$ f cS72b' fe/^y * X b- AlHC^^o 
Tfttf (^723' i:(iSW7j^]) , /^y^7b-All 

[00 4 9] ^TaPv^Xtt. ^£D±fca|g^n/c^- 
^75«(HllKWi:, 7feiS72a' k*«SU *-^»0$k 
tt*^. -CD^[^tCH]$5Lfctt, »^72a^WtCfflK 
(cntC^O, ^73^ff)7?^(C^S]1-§) , ffi© 
73[6]tc[H]$Eb/ci;t, jgidSI572a^50jg«i*^:5 

(utltcj;^, IIWiJ73«»*lRlKSfKrr«) o ^-?(D 

^-^fcgfiE^nswscffitt^sets c t tit a 
[0050] cnnm^mt, *7#vt*it*mLrz 

fi>\ *-^^a^tffii]gI572a£D^iS72a' taHgLTfe 

[0 0 5 1] 7-i»fflS#710«^73f<:tt. »5ifc, ^ 
■y ^7 UX h*«fi!c-r S/Vy ^/^y KO«E*fft#lt^ 
<^-§fcJ6tD7°b-h73' ^OWt^nt^lo Lfc 
AST, ^-^©EHEW^-O^fclHllb-rSi:. 7- 
i»fiS(*710*»73*<frE»il U C nt <t 0 7°U- h 
73' tt/^f^'yKOffffi*ffLWtS. Sfe. * 
(OHKttftW^lSiltciaiE-r 3 i:, 7-Afiir.l*71<0« 

[0 0 5 2] ^7#<y^X74/)^D{^tP.n/c/^y^7 
U-AOSWfffltC U = v Y X Y «y ^76*^ <0 m B 
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OigetcbfctfoTHiiK^KUT. A-y^-y KOTSS 
£r{#t> ±tf , S 5 mmmffi* L XftT? * « s 

"p, >y * / < -y FOtf ifii*«" § ffiH ( C 

^itS-tf, * fc$;W3*^-£«»c Ufc^oTtt 
S^MU A-yi'/W FcDEWTCtMSteW (CCD 

[0 0 5 3] U57 hX^y^76te, ^Sjg|S77i: nTfttt 
78fr S & 5 , 5Fij3B77t±; W * ? U- Al 1 fcBl D tttt 5 
tl. nI«lgP78«Mg|572btC^l3#it5n5c dOnlft 
SP78fi, tti^tC#tj : §7°b-h78T-fe^T, ^©[ifflj 
fC . £j£78a& cfc tf78b* IrI fro tU L T V» * . 

[0 0 5 4] »g|572b^ (*-*tf|5HEU ffitj3S72a 

tfmmtzctx*) mmt%t, $sB78aSfctt78M4* 

ijgP77 £ 9t L , C ntc <fc 0 'J 5 -y h X-f' <y f76ttff Si 
L, ^-*0®e&f?lt-f 5o §&g78b©{uB«, ffii) 
SBtf ffWKffiiJ U «SB73tf !i 0 tH Lfi»cIL/c 1 £ 
E, ^iS78b^»j?W7tCjg-fS<J;^C, 3§£78a©{uB 
«, ffiftWtfS&SfcffifjU «a573*Slt&*tfcfIEjI 

n§c &*5, H^©**W©S^. ^»gP77^fflftgi?72 

TfcJ:^. f/c, lOU =>y 

5. 

[0 0 5 5] £©|»JK:o^T<D[e]SS0#0 1 0fc£ 
Zfm 1 1 fcwStlTV''*. 

[0 0 5 6] H^t-kSK. il-OX-r'yf-30' fcJgZl 

cox^-y ^40' a, ^-zi5tnmt.(Drmzm\\mw 

sn. ^n?>x-Y>y^30' , 40' £M»^9!f;LS 
fc&cD^D#^X^-y^50^RB£nT^S o 
[00 5 7] 2f-(DX-Y>y^30' », 06, 7 <Q%-<D 

k, * vmmw&m^mmmzt s tot? 

2[elK2SjSSOfe©"efe5o 

fcu. mm^zt^w tmmtzt, m&a&zxfMiz 

5 (Bins fc. S^A4fc<fctfB4Cjg^$n?>o 

[0 0 5 8] ^-(OX-r-yf-40' fe, 86, 7 O^rcD 
X^y^O^IHUffc^v-glMl' i:^ f ?§x.gP46' t 
fr6a5. ^V-g|541' t±, 06, 7cU£l'V-g|S41 

h[si«t, ^-r-7-Tit^^v-T2^^-r?.o ^-fv- 



^42' 09»8E«j|lMrr«. 

[0059] «on^gP46' mimz^^tr^m^ 

(a5, A5, b5. B5) t, HBtt^iaOmSfc*©*^ 
7' «^-r%. X-r-yf-42' tfS8KStt*C4:"C. 
7' KltMWatn* fcSfjSA5. B5^6>a5. b5JC^J!3fft) 
•3. j|S?47lC«JJtefi'Jl(tn*l/^i:. S^a5, b5^6A5, B5 

[0 0 6 0] clOX^-y^SOa, 06, 7CDtJJD!fx.X 
^'y^SOtlRlLtcDT-feSo 

[00 6 1] ^StC Sigi:. fg-<DX^-yf-30' fej; 
a^HcOX^-y^O' hcDPfgtc, U57 hX-T-y ^76tf 
myt>ft~C^%o 7-A!fifi(*71<D«iS73^?g>3 WL/ffi 
-Btfifi-r^ST-, -rfttj-fe. ^|H78b^»g|377fcS 

n, wmnftm&um\c\mLrcti*. t^t>t>. 
g&isbtPfiWiffli tmLktz. m&mfttmz n, 

^A6Wg^»Pt^n5o fit, «g|573^?l*ji» 

n, *a573*^i*ji*ttiifcffiBU7t4:t. -r^b^, 

38S78»*^ft«577 tmLtctZ, »j£A6tf *X. 
^B6cD^^»Pt^ni,o 
[0 0 6 2] ^0Mx.X^>yf-50(Cci;oT, ^-^X-f 
■yf-30' *W?bfc4:tOilf^*. 01O^#P,8UTIK 

[0 0 6 3] CCD»J?EJ: , 3, X-f-y^50(cfc^T, S 
jSAl. BlfcJftRSftS. CcDctt, X^'yf-40' »±«JD 

30' OSf»fr3Ztt*#31t»»LTl/^4V\ CcDht, 
X-f-y^30' tCfc^Tg^A4, B4KSS??nTV^5. $ 
fc. «fi|573H:?l#i&*fi[«efet), U57 hXY-yf-76 
©SSB78att^»aJ77k»L. ^OfcibftjSAettflStt* 

T, ^-^fcWiBCHKtiJSft-ei*. t-^filallRLa 

[0 0 6 4] [*Jg(CJ^i.il fcT', ^7->a^7 KKH 
BftMtffl-TSi:, X^-y^-30' £DS«)t32^*f*31 fcSS 
tt-tSo COtt, X-Y>y^30' K*5VTSjSa4. b4tc 

»^$n§ 0 cot*. mmim^tL-cmminx 
net- So «!®toffitt^^ ^ ^-7?^ c iHie-r § 

<KLT. ^-y^l^Xh^ttiiffiSBti. BiWPt^c 
CCt-^IHlKKJ:?). »il«72a (72b) ^^75 

h73' ^LT, /Vy^/^y F3' Otfffi^ffto 
[0 0 6 5] ffia$73tf£»LTH9fHUffiHfcffifi-f 3 
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t, V = V hX^ •v^76©nISlgP78©|gE78b*^SIliiP7 

h£D0gg^w$n, ^-^75©|p«ffih-r§ 0 

WU4H£Tl£iSLfcMP73ftVW?^y F3' ©ffffi 
*fffci:-p, ;VyX/WF3' OTSMSitf!). 
*S#©K}fTOL^D ££}ff SC fcjb^tSJBtt 

[0 0 6 6] MffrSMUlSfc. fyS/a^yFKlS 
B2WfflL&<&9, X-f -y^30' OSj»M-32t±*ft31 
frSWlSfc. X-T-y^30' £*si^Tffij£iA4. 45K&SK 

Sim 8jSA6tfS8KSftS <: i:T@K^figiUfc*l^ 
fcgfcD. iffitC«:So LfctfraT. *75{iffi#[6]K 

me-rso *klt, A-y^uxhjmi&iifiB«M 

»ffi:&So d«^-^©@eicJ;D, IiW2a (72 

b) tta^fcffiniL. cntchfe%t«73t^^^ 

ftU A>y*/WF3" ttTCOJKttCHOJfife*. 
[0 0 6 7] *LT, *g[573*WU 
{iHT Si:, 'J5«yh^y f-76© nTiM««8a 

^A6«sR^ns) o cftfc^o, ton 

B*^WfSti. t-^75cD@K«ffifr§o 2KLT, 
S 0 

[0 0 6 8] «^@^x^-y^50(CJ;^T, ^©X^f 
>y^40' *aKbfcfc*©»ff*. 01 1*#SBUTK 

[0 0 6 9] COaS?(cJ:»3, X^-yf-50fcj5^T, g 
jfial, blfc»ttStt5. COtf. Xf'y^30' ii^<9 
«sn;te#lBi:*5. 

[0 0 7 0] 7-Affi4tt71©«8i573«3lff&# 
ffiWC* 0 , U ^ >y h X-Y >y f-76£D^|278a«^ijg|577 

WrlH^-rfct. X-f-yf-42' ttffittsn* 

jR?47" fcSSS^SSn. «DH*gl$46' fC*5V>TRjSa 

5, b5(C«D!fx.?>ftSo LfctfoT, *-*fc*»E> 

[0 0 7 1] »g|572a (72b) tfffDWlRlfc SM&U « 

^r>3^7F Off -T 0 *«73tf3i 0 tti UffiB 
t. 'J 5 -y h X^ >y ^76©pTiJ^780^S78 
b*^BBI577i:!8-r«. cots, »j5Afi©«ttflW» 

sns (-jft&aKttBsRsns) c cnt^D, mm 

So 9 9WL<SM*T?£ilLfc«aP73ti/ W7^>y F 



3' ©T^sS!3±tf, mzricomm^i'it)^ 

[0 0 7 2] ^>fv-T2*^iKIBiiffOB#[Bl*^-ri:. x 

0, hX^>y^76©2£e78b«^»7£gL/c 

b\ SEjSB6{ig^StlT*»3. 

l£&f 3. fc/cU «g<Dffitttt. s*A6^s^^ns 

ot, ^-£75H;{iKfttc0&f So dntiO. >W 

[0 0 7 3] cn^-iKDrntiKt^W ffi»jg|372a 

(72b) irmicn-mL, mmmwjic&wi-tSo * 

LT, 8ta573tf?|£&#ttH£ttil-f5fc. U5-yhX 
•Y 'y ^76©^»)^78©£g78a^K]g|$77£gU S^B 

75WHlK«ff±-rSo fr<LT. F3' ^\<0 

[0 0 7 4] ^-Cv-Tl*J:tn2K:«J:*»£^IB«'SES 

ttjWRDjSStt. LfttfoT, /^y^UXhcDJF^Wp 

[0 0 7 5] H 10, 1 nc^$n/clHlS§gl^, 0 6, 
7i:[ai«tc, m-OX^-y^tm-OX^-yf-t^. * 
n5^t)^^SX^-y^i:^fc(C«x.S^, fIffl@6<J 

A * C t, T t * ( C ©Jf£ fe« t)^W7?tt 

[0 0 7 6] 

[0 0 7 7] Sfc, tfrtf^6(tn5^tT. /Vy^l^X 

h«gi)S^^^£Djg«tcHsc:i:^p>, mmm^^m^ 

ffi-TSCil^T-t, 5*5IC, gSjWC/^y^l^XhOiFg 
i:5^^ns 0 

[0 0 7 8] JBtc^fc, IgWti:iR«»)ffi:^5 
<fc 5 t/Vy ^ bX h®ttPIi5S«£ftfF^§ t, 

[01] hi mmnmmm<D&u<D^-mmm-?h 



(9) 



ftffl 2 0 0 1 - 1 5 0 9 8 8 



So 

LH2] mzit, vy*— vx-YifmwLZftTz®.* 

[0 3] 0 3J±, 0 2£^1-Mcfia#P*ifSb/'ci:£ 
ic , r#: o oft lew; r,fj ictnz^ fc«&svr 0 
[0 4] 0 4te, /^^WMWSiAMI 

[0 5] 0 5ti. 0 4©jSj£©-gWJ^#2*lfcfflS 

[06] 06fi, 0 4 6D;Vy^Xh7»M»£fl 

[0 7] 0 7«, 0 4cD^'y^PXhJg«PffigH^» 

[0 8] 0 8(i, fflco^'y^bXhff^liffiSB^fi^ 

[09] 0 9fcl. 0 8tD^-y^UXhffJttPlfiSScDBS 
[0 1] 




[010] 01 0«:, B8©/Vyi7UXbflU'ui'ri 
[0 1 1] 01 Hi, 0 8©/vy^UXhmy^naii'i 
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xfvy? 
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3L7tfy? 
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>u-f 
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mti*yy- 
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mmn 
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[03] 
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